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IMPROVED COMPOUNDS FOR GENERATING CHEMI LUMINESCENCE 

WITH A PEROXIDASE 

5 CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of 
applicant's co-pending U.S. Applications Serial Nos. 
' 10/029222 filed on December 20, 2001 and 10/205,050 filed 
on July 25, 2002. 

10 

FIELD OF THE INVENTION 

The present invention relates to chemiluminescent 
compounds and compositions which react with a peroxidase 

15 and a peroxide to generate chemi luminescence. In 

particular, the present invention relates to improved 
compositions containing novel ketene dithioacetal compounds 
which react with a peroxidase and a peroxide to produce 
visible chemiluininescence . The invention further relates to 

20 assay methods for detecting a peroxidase and for detecting 
peroxidase-labeled specific binding partners in 
immunoassays, nucleic acid probe assays and other specific 
binding pair assays, 

25 BACKGRQtIND OF THE INVENTION 

Peroxidase enzymes such as horseradish peroxidase (HRP) 
are frequently used as markers or labels in enzyme-linked 
assays for biological molecules and other analytes of 
interest such as drugs, hormones, steroids and cancer 

30 markers. Chemiluminescent detection of these enzymes offers 
a safe, convenient and sensitive means of measuring the 
amount of enzyme in a sample or the amoiint of an enzyme- 
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labeled analyte or labeled specific binding partner for an 
analyte. Other chemiliiminescent reaction schemes have been 
developed to quantify the level of particular peroxidase 
enzymes . 

5 a. Chemi luminescent Pero?cida^e ST4bsty^tes, 

Amino -substituted cyclic acylhydrazides such as the well- 
known luminol and isoluminol react with H 0^ and a 

2 2 

peroxidase catalyst (such as horseradish peroxidase, HRP) 
under basic conditions with emission of light. This 

10 reaction has been used as the basis for analytical methods 
for the detection of H^O^ and for the peroxidase* 
Heterocyclic analogs of luminol such as 8-amino-5-chloro- 
7-phenylpyrido [3/ 4-d-pyridazine-l, 4 {2H/ 3H) dione (M. li, et 
al., Biochem, Biophys. Res. Comm., 193(2), 540-5 (1993)); 

15 pyridazinoquinoxalinones (U.S. Patent No. 5,324,835) and 
1,3-disubstituted pyrazolo[4' ,3' :5' ,6'lpyrido-[2,3-d]- 
pyrazinediones (Y. Tominaga, et al,, Tetrahedron Lett,, 36, 
8541-4 (1995)) are known to react with a peroxidase and 
peroxide to produce chemiluminescence . Other hydrazide 

20 coitpounds which are chemi luminescent when oxidized by a 
peroxidase and a peroxide are hydroxy- substituted 
phthalhydrazides (U.S. Patent No. 5,552,298). 

Applicant's U.S. Patent Nos. 5,491,072, 5,523,212 and 
5,593,845 disclose chemiliominescent N-alkylacridan- 
20 carboxylic acid esters, thioesters and sulfonimides which 
produce light upon reaction with a peroxide and a 
peroxidase for use in detecting peroxidases and in assays. 
A PCT application (WO 94/02486) describes the 
chemiluminescent reaction of spiroacridan compounds with 
25 hydrogen peroxide. The reaction is enhanced by the addition 
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of horseradish peroxidase. 

Various compounds of biological origin, collectively 

termed luciferins, are oxidized by a peroxidase (siommarized 

in L.J Kricka and G.H.G. Thorpe, in L\aininescence 
5 Iinraunoassay and Molecular Applications/ K. Van Dyke and R. 

Van Dyke, eds., CRC Press, Boca Raton, 1990, pp. 77-98). 

When hydrogen peroxide is not utilized/ the enzyme is 

functioning as an oxidase. 

Certain phenol compounds produce chemiluminescence on 
10 oxidation with a peroxidase. As examples, pyrogallol B-1 

and purpurogallin B-2 are cited in Kricka and Thorpe, ibid. 

as well as the coxamarin-type compounds couinarin, 

umbelliferone and esculin (D. Slawinska, J. Slowinski, J. 

Biolumin. Chemil\amin, , 4, 226-30 (1989)); phloroglucinol 
15 3 (M. Halmann, et al., Photochem. Photobiol., 30, 165-7 

(1979)); and acetaminophen B-4 (K. Schmitt, G. Cilento, 

Photochem. Photobiol., 51, 719-23 (1990)}. 




NH— Ac 

B-1 B-2 B-3 B-4 

Other miscellaneous compounds reported to produce weak 
chemiluminescence in the presence of a oxygen or peroxide 
and a peroxidase are a synthetic Schif f base-containing 
polymer {(R. Zoulik, et al.. Coll. Czech. Chem. Commun. , 
60, 95-103 (1995)); indole-3-acetic acid in the presence of 
xanthene dyes with or without hydrogen peroxide (S. Krylov, 
A. Chebotareva, FEBS, 324(1), 6-8 (1993); tyrosine. 
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tryptophan and chlorpromazine {M. Nakano, J. Biolumin. 
Chemiluiuin. 4, 231-40 (1989)) and MCLA B::8 M. (Mitani, et 
al., J. Biolumin. Chemilumin . 9, 355-61 (1994)) which have 
the respective structures Sr^-SrS as shown below. 



5 
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15 None of the foregoing references disclose the 

chemiluminescent oxidation of the presently disclosed 
con5)Ounds by a peroxidase 

Rf>ac;fcioP Rnols with HRP. A series of papers 
describe the peroxidase-catalyzed air oxidation of 

20 enolizable aldehydes (H. Gallardo, et al., Biochim. 

Biophys. Acta, 789, 57-62 (1984); W.J. Baader, et al., 
Biochem. Ed., 14(4), 190-2 (1986); I. Nantes, etal., 
Photochem. Photobiol., 63(6), 702-8 (1996)). The reactive 
substrate is thought to be the small quantity of the enol 

25 form in equilibrium with the aldehyde. The reaction of the 
aldehyde is catalyzed by enol phosphates, but the enol 
phosphate itself is not consumed. The reference teaches 
that pTiol p b nsnhahe does not reaci- wi th ^ peroxidase J 
P^nriup^ Phem^ luminescence. Energy transfer to fluorescent 

30 energy acceptors increased light emission (M.T. Grijalba, 

4 
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et al.,Photochem. Photobiol., 63(6), 697-701 (1996)). 
Aldehydes masked as enol silyl ethers (Baader, ibid.) or 
enol acetates were used in coupled assays in which the enol 
vras unmasked in a first step to generate an enol in situ 
5 which subsequently reacted with a peroxidase to generate 
chemi luminescence (A. Canpa, et al,, Photochem. Photobiol., 
63(6), 742-5 (1996)) , 

c. Peroxidase Enhancers. Numerous enhancers have been 
employed in order to increase the quantity and duration of 

10 chemiluminescence from the reaction of a peroxidases with 
known chemiluminescent substrates including the 
aforementioned luminol and the acridancarboxylic acid 
derivatives. These include benzothiazole derivatives such 
as D-luciferin, various phenolic coirpounds such as 

15 ' p-iodophenol, p-phenylphenol, naphthols and aromatic amines 
as listed in G. Thorpe, L. Kricka, in Biolvminescence ahd 
Chemilxmiinescence, New Perspectives, J. Scholiaerich, et al, 
Eds,, pp. 199-208 (1987). Other compounds which function as 
enhancers of the chemiluminescent oxidation of 

20 amino- substituted cyclic acylhydrazides by a peroxidase 
include 4-(4-hydroxyphenyl) -thiazole (M. li, ibid.), a 
group of coirpounds disclosed in U.S. Patent 5,171,668, 
2-hydroxy-9-fluorenone, and a group of hydroxy-siibstituted 
benzoxazole derivatives as disclosed in U. S. Patent 

25 5,206,149 and certain phenylboronic acid compounds as 

described in U. S, Patent 5,629,168. None of the foregoing 
references disclose the chemiluminescent oxidation of the 
present compounds by a peroxidase alone or with the use of 
enhancers . 

30 d. Enhancement of Chemiluminescent Peroxidase Reactions 
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bv Surf actants. Enhancement of the chemiluminescence 
produced in peroxidase-catalyzed reactions using polymeric 
and monomeric surfactants is known in the art. Enhancement 
can occur by affecting the outcome of one or more steps 
5 e.g. by increasing the fluorescence quantum yield of the 
emitter, by increasing the percentage of product molecules 
produced in the excited state, by increasing the fraction 
of molecules undergoing the chemiluminescent reaction 
through inhibition of competing side reactions or by 

10 promoting the action of an enzyme catalyst. No clear or 
consistent pattern exists concerning the effect of 
polymeric and monomeric surfactants on chemilximinescent 
reactions. It is impossible to predict which siirfactant 
compomds, if any, may enhance the chemiluminescence from a 

15 particular process and can only be determined by 
substantial experimentation. 

The cationic polymeric surfactant poly-N-ethyl-4-vinyl- 
pyridinium bromide completely inhibited the 
chemiluminescent reaction of luminol by a negatively 

20 charged insulin-peroxidase conjugate and diminished 

chemiluminescence to a lesser extent when the native enzyme 
was used (S.B. Vlasenko, et al., J. Biolimin. Chemilimdn. , 
4, 164-176 (1989) ) . 

A piiblished Japanese Patent Application No. JP 

25 06,242,111 and a paper (R. Iwata, et al., Anal, Biochem, , 
231, 170-4 (1995) ) disclose the use of nonionic surfactant 
and skim milk in the chemiluminescent peroxidation of 
luminol to lower background emission or enhance 
signal /noise. 

30 None of the foregoing references disclose the 
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chemiluminescent oxidation of the present conrpo-unds by a 
peroxidase or chemiliominescence enhancement with 
surfactants . 

e. Assays using HRP. The enzyme horseradish peroxidase 
5 has found widespread use in enzyme immunoassays and DNA 

hybridization assays with chemiluminescent detection using 
luminol or isoluminol as substrate. Commercially available 
kits using HRP conjugates and enhanced luminol 
chendluiainescent detection, are available. Cher?fliluiainesce3at 
10 peroxidase assays are also disclosed in the aforementioned 
U.S. Patents 5,491,072, 5,523,212 and 5,593,845. No 
references disclose the chemiluminescent peroxidase assays 
using the present compounds as the substrates. 

f . New Chemiluminescent Peroxidase Substrates. A new 
15 class of chemiluminescent peroxidase substrates was 

disclosed by Applicants in their previous U.S. Patent 
5,922,558, and published PCT Application No. WO99/14220. 
The disclosure of these applications is fully incorporated 
herein. IWhile the disclosure of these publications 
20 describes a class of heterocyclic compounds generic of the 
coitpounds of the present invention, the present compounds 
are \mexpectedly superior in producing light from reaction 
with a peroxidase enzyme and a source of peroxide. 

g . Benzodithiaf ulvalenes . Synthesis of a benzodithia- 

25 fulvalene having the structure below has been described. (K. 
Akiba, K. Ishikawa, N. Inamoto, Synthesis, 12, 861-2 
(1977) . No information concerning its ability to fiznction 
as a chemiluminescent peroxidase substrate is known. 
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I 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
improved conpositions containing compoxinds which react with 
a peroxidase and a peroxide to provide chemi luminescence 
and for detection of the peroxidase. 

It is a particular object of the present invention to 
provide improved compounds and compositions containing them 
wherein the iinproved compounds have the formula: 




containing a carbon-carbon double bond substituted at one 
terminus of the double bond with two sulfur atoms each 
attached to another group or R^ and the other terminus 
of the double bond forming a portion of a polycyclic 
heterocyclic ring system containing a nitrogen atom. 

Compositions containing the compounds of the invention 
preferably incorporate enhancer corrqpoimds for promoting the 
chemiluminescence produced on reaction of coinpovinds of the 
present invention with a peroxidase and improving the 
analytical utility of the invention. 

It is a further object of the present invention to 
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provide methods for rapidly generating chemiluininescence 
upon reaction with a peroxidase and a peroxide employing 
the present compounds and compositions. 

It is yet another object of the present invention to 
5 provide chemi luminescent compositions and methods for use 
in detecting peroxidases and conjugates in immunoassays/ 
nucleic acid probe assays, western blot assays, Southern 
blot assays and other assays by generally known methods 
which employ enzyme labels for detection of analytes. The 

10 assays are thus useful for detecting analytes in such 
assays by detecting the peroxidase or conjugate and 
relating the chemiluminescence produced thereby to the 
presence or amoiint of the analyte, 
BRIEF DESCRIPTION OF THE DRAWTNGS 

■15 Figure 1 is a graph relating the amount of HRP to the 

chCTiiluminescence intensity at 1.5 min emitted by 100 jlcL of 
a reagent described in Exan^le 7 containing compound 14 
triggered at room temperature. Chemil\aminescence emission 
was initiated by addition of 100 /iL of the reagent to 10 /xL 

20 of solutions of HRP containing between 1,4 x 10"^^ and 1.4 x 
10'^^ moles of enzyme in the wells of a white microplate. 
The term S-B refers to the chemiluminescence signal (S) in 
Relative Light Units (RLU) in the presence of HRP corrected 
for background chemiluminescence (B) in the absence of HRP. 

25 For comparison, the relationship between S-B and amount of 
HRP is also shown for reference compound 1 measured at 15 
inin. 

Figure 2 is a graph relating the amount of HRP to the 
chemiluminescence intensity at 1.5 min emitted by 100 fih of 
30 a reagent described in Example 8 containing compound 21 
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triggered at room tenperature. For comparison/ the" 
relationship between S-B and amount of HRP is also shown 
for reference conpound 1 measured at 15 min. 

Figure 3 is a graph showing the time profile of 
5 chemiluminescence resulting from reaction of 3.5 x 10"^^ 

moles of HRP at 25 °C with 100 }iL of the reagent containing 
Compound 2£ described in Example 11. The relative 
chemiluminescence time profile demonstrates the more rapid 
generation of chemiluminescence than a structurally similar 

10 compound designated Ref 2. 

Figure 4 is a graph showib.g the time profile of 
chemiluminescence resulting from reaction of 3 . 5 x 10"^^ 
moles of HRP at 25 °C with 100 iih of the reagent containing 
Compoxmd 22 described in Example 12. 

15 Figure 5 is an image of x-ray films from a western blot 

assay of £-galactosidase via an HRP-labeled antibody on a 
PVDF membrane with chemilimiinescent reagent conqpositions. 
Dilutions of fi-galactosidase containing 5000, 1000, 180, 30 
and 5 pg, respectively, of protein were detected with 

20 either a reagent of the invention containing compound 1 or, 
for comparison, with a reagent containing compound Ref. 1 
as described in U.S. 5,922,558. Membranes were exposed to 
X-ray film for 5 s after a 11 min incubation in the 
respective detection reagents. 

25 Figure 6 depicts images of x-ray films from western 

blot assays of 6-galactosidase via an HRP-labeled antibody 
on a PVDF membrane with chemiluminescent reagent 
compositions. Dilutions of fi-galactbsidase containing 5000, 
1000, 180, 30 and 5 pg, respectively, of protein were 

30 detected with either a reagent of the invention containing 
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compound 27 or conipound 37 . 

Figure 7 depicts images of x-ray films from a western 
blot assay of S-galactosidase via an HRP-labeled antibody 
on a nitrocellulose membrane with a chemiluminescent 
reagent cornposition containing compound Dilutions of 
galactosidase containing 5000, 1000, 180, 30 and 5 pg, 
respectively, of protein were easily detected over a two 
hour period as shown. 

Figure 8 is a graph relating the amount of HHP to the 
chemiluminescence intensity emitted by 100 jxL of a reagent 
described in Example 22 containing either compound 52 or 53 
triggered at room temperature. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Definitions : ^ 

Alkyl - A branched, straight chain or cyclic 
hydrocarbon group containing from 1-20 carbons. Lower alkyl 
as used herein refers to those alkyl groups containing up 
to about 8 carbons. 

Alkylene - A divalent alkyl chain group. 

Alkenyl - A branched, straight chain or cyclic 
hydrocarbon group containing at least one C-C double bond 
and containing from 2-20 carbons. Lower alkenyl as used 
herein refers to those alkenyl groups containing up to 
about 8 carbons. 

Alkynyl - A branched or straight chain hydrocarbon 
group containing at least one C-C triple bond and 
containing from 2-20 carbons. Lower alkynyl as used herein 
refers to those alkynyl groups containing up to about 8 
carbons . 
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Analyte - A substance the presence or amovint of which 
is to be measured in a sample by an assay. Analytes include 
organic and biological molecules to which a specific 
binding partner having a specific binding affinity exists. 
5 Exemplary analytes include, without limitation, single 
stranded or double stranded DNA, RNA/ DNA-RNA complexes/ 
oligonucleotides, antibodies, antibody fragments, antibody- 
DNA chimeras, antigens, haptens, proteins, lectins, avidin, 
streptavidin and biotin. Other exenplary analytes also 
10 include oxidase enzymes and peroxidase enzymes. 

Aryl - An aromatic ring-containing group containing 1 
to"'5 carbocyclic aromatic rings, which can be substituted 
with 1 or more substituents other than H. 

Halogen - Fluorine, chlorine, bromine or iodine atoms, 
15 Heteroalkyl - A monovalent alkyl chain group in which 

at least one of the nonterminal carbon atoms is replaced by 
a nitrogen, oxygen or sulfur atom. 

Heteroalkylene - A divalent alkylene. chain group in 
which at least one of the nonterminal carbon atoms is 
20 replaced "by a nitrogen, oxygen or sulfur atom. 

Luminescent - capable of emitting light when excited to 
an electronic excited state. The light can be emitted 
either as fluorescence when decaying from a singlet excited 
state or as phosphorescence when decaying frpm a triplet 
25 excited state. 

. Peroxide - A compound containing an 0-0 bond, 
preferably hydrogen peroxide or a complex of hydrogen 
peroxide such as urea peroxide, perborate or percarbonate . 
Sample - A fluid containing or suspected of containing 
30 one or more analytes to be assayed. Typical samples which 
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are analyzed by the chemi luminescent reaction method are 
biological samples including body fluids such as blood, 
plasma, serum, urine, semen, saliva, cell lysates, tissue 
extracts and the like. Other types of samples include food 
5 samples and environmental samples such as soil or water. 

Specific binding pair - Two substances which exhibit a 
mutual binding affinity. Examples include antigen-antibody, 
hapten-antibody or antibody-antibody pairs, complementary 
oligonucleotides or polynucleotides, avidin-biotin, 

10 strep tavidin-biot in, hormone-receptor, lec tin-carbohydrate, 
IgG-protein A, nucleic acid-nucleic acid binding protein 
and nucleic acid-anti-nucleic acid antibody. 

Substituted - Refers to th^ replacement of at least one 
hydrogen atom on a group by a non-hydrogen group. It should 

15 be noted that in references to substituted groups it is 
intended that multiple points of substitution can be 
present unless clearly indicated othexi/ise. 



It has been discovered that conpoimds of formula I 
20 below react with a peroxide and a peroxidase to generate 
chemiluminescence with unexpectedly superior properties. 
Ketene dithioacetal compounds of the present invention have 
the formula I: 




I 

1 2 

wherein R and R are each organic groups containing from 1 
30 to about 50 non-hydrogen atoms in addition to the necess- 
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ary nxomber of H atoms required to satisfy the valencies 
of the atoms in the group and wherein and can be 
joined together to form a ring. The groups R^ and R^ can 
contain from 1 to about 50 non-hydrogen atoins selected 
from C, N, 0, P, Si and halogen atoms but more 
preferably from 1 to about 20 such atoms. Preferred groups 
for R and R include alkyl, substituted alkyl, aryl, 
substituted aryl, aralkyl and substituted aralkyl groups. 
More preferred are alkyl, substituted alkyl, aryl, and 
substituted aryl. Substituent groups other than H atoins, 
such as ionic groups or polar grouEJs, can be incorporated 
in various numbers and at selected positions on the carbon 
chain or ring in order to modify the properties of the 
compomd or to provide for convenience of synthesis. Such 
properties include, for example, chemiluminescence quantum 
yield, rate of reaction with the enzyme, maximum intensity 
of light emission, duration of light emission, wavelength 
of light emission, solubility in the reaction medium. 
Preferred groups conferring water solubility are sulfonate 
salt groups -SO3", sulfate salt groups -OSO^" , phosphonate 
salt groups -PO^", phosphate salt groups -OPO 
carboxylate salt groups -COO" and ammonium salt groups- 
NR^* and phosphonium salt groups -PR3*. One or more groups 
which permit covalent coupling to another molecule such as 
a specific binding partner can also be included as 
substituents on R^ and R^ Exemplary specific substituents 
include, without limitation, alkoxy, aryloxy, hydroxy, 
halogen, amino, substituted amino, carbox/1, carboalkoscy, 
carboxamide, cyano, and sulfonate groups. 

When R and R are joined together to form a ring, the 

14 
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10 



15 



20 



25 



ring is preferably from 5 to 30 atoms and is conprised of 
additional carbon and/or oxygen atoms selected from 
alJ<ylene chains, heteroalkylene chains and unsaturated 
chains containing double bonds. The carbon atoms in the 
chain can be substituted with non-hydrogen atoms as 

1 2 

described above in connection with groups R and R . 
Preferred ring sizes are from five to seven atoms. 
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In a preferred embodiment and are joined to 
complete a six-membered ring which is substituted on the 
ring with at least one water-soliibility conferring group Z 
as described above. In another embodiment the Z group is 
attached instead to the group R^. The ring formed by 

ill 2 

linking R and R can also be a five to seven membered ring 
fused to a second ring such as a benzo-fused ring. 
Likewise it is preferred that at least one water- 
solubility conferring Z group is substituted on one of the 
fused rings or on the group R^. Exemplary structures are 
shown above. 

In the present compoTmdS/ the group R^ is an organic 
group containing from 1 to 50 non-hydrogen atoms selected 
from C, N, 0, S, P, Si and halogen atoms in addition to 
the necessary n\imber of H atoms required satisfy the 
valencies of the atoms in the group. More preferably R"^ 
contains from 1 to 20 non-hydrogen atoms. The organic 
group is preferably selected from the group consisting of 
alkyl, substituted allc^l, aryl, substituted aryl, aralkyl 
and substituted arallcyl groups. More preferred groups for 
R^ include substituted or vinsubstituted C^-C^ alkyl groups, 
substituted or unsubstituted phenyl or naphthyl groups, 
and siibstituted or unsubstituted benzyl groups. When 
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substituted, exemplary substituents include, without 
limitation, alkoxy, aryloxy, hydroxy, halogen, amino, 
substituted amino, carboxyl, carboalkoxy, carboxamide, 
cyano, sulfonate and phosphate groups. One preferred 
5 group is an alkyl or heteroalkyl group substituted with at 
least one water- soliobility conferring group. 

Substituent groups can be incorporated in various 
Qfuantities and at selected ring or chain positions in the 
heterocyclic ring in order to modify the properties of the 

10 compound or to provide for convenience of synthesis of the 
final compo\ind. Such properties include, without 
limitation, chemilimiinescence quantum yield, rate of 
reaction with the enzyme, maximum light intensity, 
duration of light emission, wavelength of light emission 

15 and solubility in the reaction medium. The groups to 
R^^, which can be the same or different, each are a 
substituent which can contain from 1 to 50 atoms selected 
from C, H, N, 0, S, P, Si and halogen atoms and which 
perroit the light to be produced and can include, without 

20 limitation, alkyl, substituted alkyl, aryl, stabstituted 

aryl, aralkyl, alkenyl, alkynyl, alkoxy, aryloxy, halogen, 
amino, substituted amino groups, carboxyl, carboalkoxy, 
carboxaitu.de, cyano, sulfonate and phosphate groups. It is 
preferred that R to R are selected from hydrogen, 

25 halogen, alkoxy groups, amino, or amino STobstituted with 
one or two alkyl or aryl groups. A preferred group of 
compoiinds has one of R^, R^, R^^ or R^° as a chlorine and 
the other of R^ to R^"^ are hydrogen atoms. 

Pairs of adjacent groups, i.e. R^ and R^, or R^ and R^, 

30 or R^ and r\ or R^ and R^ or R^ and R^°, or R^° and R^^can 
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be joined together as a carbocyclic or heterocyclic ring 
system comprising at least one 5 or 6-membered ring which 
is fused to the ring bearing the exocyclic double bond. 
When an additional fused ring is present it is preferably 
5 an additional fused benzene ring making the resulting 
compound a benzacridan derivative. 

Specific compounds within the scope of the invention 
include, without limitation: 




n 

MeS^ /C,H„ McS^ ^SPh MeS^ ^SCEjCOjEt 




20 

MeS^ ^SCHCCHj)^ MeS^ ^SCHjCHCOHJCHjCHj MeS. ^SdCH^SO^U 
c c c 




25 

LiS03(CHj)3S^ ,S(CHj)3S03Li CgH.^S^ ^S(CHj)3S03Li MeS^ ^SCCiyjSOjNa 
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MeS^ .S(CHj)3N(CHjCH3)jl" EtS. ^SWjSOjNa PrS^ ^SCCiyjSOjNa 

c c c 

II 




21 





10 



15 



20 



25 



MeS. ^S(CH2)30P03Naj MeS^ ^S(CH2)„OP03Naj 
C C 





CH3(CH2),oS^ ^SCCiyjOPOjNaj MeS^ ^SCCBysOPOjNaj 





36 31 
PhCHjS^ ^S(CHj)3S03Na PhCHjS^ ^S(CH^jOPOjNai 





CHjS. .SCHj 
C 



^S(CHj)3S0jNa 
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PhCHjS^ ,S(CHj)3S03Na 
c 




10 



Naj03PO(CH2)3S^ ^S(CH2)30P03Na2 
C 




HOCayjS. S(CH2)30P03Na2 

c 



43 




15 



20 



25 




0(CH2)3S03Na 0(CKy3S03Na 




Luinigen TMA-6 
©(CKyjOPOjNaj 



0 O 



30 
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5 


^^^^^^^^^^^ 


1 




(CH2)30(CH2)jS03Na 


CH3 • 




50. 


51 



10 



15 



20 



25 



HOCCiyjS^ ^S(CHj)30(CHj)3SO3Na 
c 

II 



MeS^ ^S(CHj)30(CHj)3S03Na 
c 




52 



MeS^ ^S(CH2)3S(CH2)3S03Na 
C 




21 



MeS^ ^S(CHj)3OS03Na 





MeS^ ^S(CHj)30(CHj)3S03Na 



55 




30 



5^ 

Preferred combinations of groups - include 
compounds wherein one or both of and R^ comprise an 
alkyl group substituted with a sulfonate salt group or a 
phosphate salt group and is phenyl, substituted phenyl', 
benzyl or "substituted benzyl. When only one sulfonate or 
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phosphate-substituted alkyl group is present, the other of 
or R^ is preferably alkyl or benzyl. 
Also considered within the scope of the present 
inventive class of compounds are embodiments in which or 
5 R^ or both are joined to the nearest position, i.e. or 
R^^, of the acridan ring to close an additional ring. 

In yet additional embodiments the nitrogen atom is 
joined to either of the nearest positions of the acridan 
ring or R^ to close an additional 5-7 membered ring and 
10 R^ and R^ are independently selected from alkyl, 

substituted alkyl, airyl, sxabstituted aryl, aralkyl and 
substituted aralkyl groups of 1-20 carbon atoms and can be 
joined together to form a ring of 5 to 30 atoms or R^ or R^ 
or both can be joined to the nearest position of the 
15 acridan ring to close an additional ring. Illustrative 
structTires include: 




Reaction of ketene dithioacetal compounds of formula 

I, including those shown above, with peroxide and a 
peroxidase generate chemiluminescence which rapidly 
reaches very high intensity. Maximum light emission is 
30 achieved in one minute or less and remains constant for 
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several minutes. No other known chemilximinescent 
peroxidase substrate generates high intensity 
chemilioininescence so rapidly. This kinetic behavior in 
unexpected and contrasts with the chend luminescence time 
profile of structurally related compoxinds disclosed in the 
aforementioned U,S. Patent No. 5,922,558. For example, a 
compound having the formula: 



MeO^ ^SPh 




I 

Me 



reacted with HRP was disclosed to reach maximum 
chemiluminescence intensity in 7 min. The ability of the 
compounds of the present invention to reach a stable 
maximum light intensity so rapidly makes them more 
suitable than other compounds for the rapid high 
throughput assays in demand today. 

The present compounds exhibit unexpectedly high 
stability over the pH range of at least 5 to 10.5 allowing 
their formulation and use at both acid and alkaline pH 
values. Aqueous buffered solutions of coirrpounds of fonmila 
I exhibit extended storage stability at room temperature 
and are indefinitely stable at 4 Solutions of 
confounds of fonmala I bearing water solubilizing groups 
can be prepared at their working concentrations and 
require no cosolvents. Enhanced reagent f emulations have 
been prepared which permit sensitive detection at pH 5-6, 
the pH of optimum activity of horseradish peroxidase. 

Methods of preparing compo\inds of formula I include 
nucleophilic addition of a lithiosilane compound or a 
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phosphorus ylide to a suitable carbonyl coinpound according 
to the two schemes below (F,A. Carey, A.S. Court, J, Org. 
Chem., 22, 1926-29, (1972)). 



5 




10 

In another method, an ester is converted to a ketene- 
dithioacetal by reaction with a bis (dialkylalxiininum) - 
di thiol reagent as disclosed in E,J. Corey and A. P. 
Kozikowski, Tetrahedron Lett., 925-8 (1975) and shown 
15 below. 




20 In yet another method, an anion of an active methylene 
group is reacted with CS^ and the dithiocarboxylate is 
reacted with a reagent »R^-LG containing the group to 
form a dithioester. An exaitple of the latter methodology 
is disclosed in I. Shahak and Y. Sasson, Tetrahedron 

25 Lett., 4207-10 (1973), The dithioester is converted to the 
enolate and reacted with a reagent of the formula R^-LG. 
Typical leaving groups include halogens, such as chloride, 
bromide and iodide, sulfonates such as methanesulfonate 
and p-toluenesulfonate and trif luoromethanesulfonate, 

30 carboxylates such as acetate and benzoate particularly 



wo 03/053934 



PCT/US02/37611 



when X is an acyl group in which case X-LG would be an 
acid anhydride, sulfates such as methosulfate, and other 
groups such as imidazole, triazole and tetrazole, 
maleimide, succinimidoxy groups. 
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Method D above involves generation of a benzyne 
intermediate as the reactive arylating species. The 
benzyne intermediate can be generated in situ by for 
exaiiple treatment of a brominated benzene compoimd with a 
5 strong base such as sec-butyl lithium or LDA (M. "Watanabe, 
et al., Chem. Pharm. Bull,, 37(1), 36-41 (1989). - 

Another S2/nthetic method comprises reaction of a 
phosphorus ylide derived from benzodithiole with an 
acridone compound. Procedures and conditions are described 

10 generally in the aforementioned Akiba, et al. reference as 
well as in K, Ishikawa, K. Akiba and N. Inamoto, 
Tetrahedron Lett., 41, 3695-3698 (1976). 

Compounds and compositions of the present invention 
are useful in a method to produce chemiluminescence by 

15 reaction with a peroxidase. Reaction of a compound of the 
invention with a peroxidase and a peroxide in an aqueous 
buffer solution produces easily detectable visible 
chemilximinescence. Light intensity reaches a maximum level 
rapidly at room tercperature, typically in about 1 minute. 

20 The reaction is conducted optionally in the presence of an 
enhancer . 



25 




+ Light 



30 



In a preferred method of producing chemiliiminescence, 
compound I is reacted with a peroxidase, a peroxide and an 
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enhancer in an alkaline buffer with a pH between about 8 
and 10 to produce a continuous chemiluminescence signal 
which coramences upon reaction of the enzyme and the 
compo\and I. Analytical sensitivity can be increased by 
5 incorporation of a non-ionic .surfactant as will be 
described in more detail below. 

In a preferred method of producing light from the 
reaction of corc^oxind I with a peroxidase, the reaction is 
performed at a temperature between 5 °C and 50 

10 preferably between 20 and 40 °C in an aqueous buffer 
solution at a pH between about 5 and 10.5, preferably 
between 7 and 10. Compound I is used at a concentration 
between 1 iM and 20 iriM, preferably between 10 (M and 5 mM. 
The enzyme can be a free peroxidase or a peroxidase 

15 conjugate. 

Compounds of the present invention typically produce 
light over a 100-200 nm wide band of emission, which 
exhibits a maximum intensity at wavelengths in the near 
ultraviolet to the visible region of the electromagnetic 

20 spectrum. Typical wavelengths of maximum intensity in 
the range of 350-500 nm. It is contemplated that compoxinds 
of formula I bearing a covalently linked f luorophore could 
undergo intramolecular energy transfer resulting in 
emission at ^longer wavelengths from the excited state of 

25 the f luorophore. 

More than one compound of formula I can be used 
concurrently in a method for producing light by the action 
of a peroxidase. It can be advantageous in some instances 
to simultaneously react two or more compounds of formula I 

30 with the peroxidase. When the two or more compoxmds have 
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differing luminescent or physical properties, the 
combination of the two may be desirable to produce a light 
emitting reaction with characteristics not readily 
achievable through the use of any one compound. Examples 
5 of luminescent and physical properties which can differ 

between compounds I include emission spectrum, duration of 
light emission, enzyme turnover, rate of rise of emission 
to maximum, hydrophobicity/hydrophilicity and solubility. 
The peroxide coirponent is any peroxide or alkyl 
10 hydroperoxide capable of reacting with the peroxidase. 
Preferred peroxides include hydrogen peroxide, urea 
peroxide, and perborate salts. 

The peroxidase which can undergo the chemiluminescent 
reaction include lactoperoxidase, microperoxidase , 
15 myeloperoxidase, haloperoxidase, e.g. vanadium 
bromoperoxidase, horseradish peroxidase, fungal 
peroxidases such as lignin peroxidase and peroxidase from 
Arthroitiyces ramosus and Mn-dependent peroxidase produced 
in white rot fungi, and soybean peroxidase. Other 
peroxidase mimetic confounds which are not enzymes but 
possess peroxidase-like activity including iron complexes 
and Ifo-TPPS (Y.-X. Ci, etal., Mikrochem. J., 52, 257-62 

4 

(1995) ) are known viiich catalyze the chemiluminescent 
oxidation of luminol are explicitly considered to be 
within the scope of the meaning of peroxidase as used 

herein . 

Conjugates or complexes of a peroxidase and a 
biological molecule can also be used in the method for 
producing chemiluminescence, the only proviso being that 
the conjugate display peroxidase activity. Biological 
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molecules which can be conjugated to one or more molecules 
of a peroxidase include DNA, RNA, oligonucleotides, 
antibodies, antibody fragments, antibody-DNA chimeras, 
antigens, haptens, proteins, lectins, avidin, streptavidin 
5 and biotin. Complexes including or incorporating a 

peroxidase such as liposomes, micelles, vesicles and 
polymers which are fiinctionalized for attachment to 
biological molecules can also be used in the methods of 
the present invention. 

10 Incorporation of certain enhancer confounds into the 

reaction mixt\are promotes the reactivity of the enzyme - 
Included among these enhancers are phenolic compounds and 
aromatic amines known to enhance other peroxidase 
reactions as described in the aforementioned references by 

15 Thorpe & Kricka and by li, et al., and in U.S. Patent Nos. 
5,171,668 and 5,206,149 which are incorporated herein by 
reference. Substituted and unsubstituted arylboronic acid 
compoxands and their ester and anhydride derivatives as 
disclosed in U.S. Patent 5,512,451 and incorporated herein 

20 by reference are also considered to be within the scope of 
enhancers useful in the present invention. Preferred 
enhancers include but are not limited to: p-phenylphenol, 
p-iodophenol, p-bromophenol, p-hydroxycinnamic acid, p- 
imidazolylphenol , acetaminophen , 2 , 4-dichlorophenol , 

25 2-naphthol and 6-bromo-2-naphthol. Mixtures of more than 
one enhancer from those classes mentioned above can also 
be employed. 

Additional enhancers found to be effective in 
enhancing the production of chemil-uminescence from 

30 compounds of the present invention are derivatives of 
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phenoxazine and phenothiazine having the fonmilas below. 




R groups substituted on the nitrogen atom of phenoxazine 
and phenothiazine enhancers include alkyl of 1-8 carbon . 
atoms, and allcyl of 1-8 carbon atoms substituted with a 
sulfonate salt or carboxylate salt group. Preferred 

10 enhancers include 3- (N-phenothiazinyl)propanesulfonic acid 
salts, 3-(N-phenoxazinyl)propanesulfonic acid salts, 4-(N- 
phenoxazinyDbutanesulfonic acid salts, 5-(N-phenox- 
azinyDpentanoic acid salts and N-methyl~phenoxazine and 
related homologs . 

15 Nonionic surfactant additives in the present 

chemiluiainescent reagents is useful for solubilizing 
puJTPoses. Incorporation of nonionic surfactants into 
reactions for producing chemiluminescence by the use of a 
peroxidase may lead to an improvement in analytical 

20 sensitivity with respect to the peroxidase. Nonionic 
surfactants useful in the practice of the present 
invention include by way of example polyoxyethylenated 
alkylphenols, polyoxyethylenated alcohols, polyoxy- 
ethylenated ethers and polyoxyethylenated sorbitol esters. 

25 Cationic surfactants, including quaternary ammonium 

salt compounds such as CTAB, are advantageous for use in 
increasing the level of chemiluminescence emitted when 
certain compounds of the present invention are reacted 
with a peroxidase and a peroxide. For example, light 

30 intensity from the reaction of compound li shown below 

31 
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according to the present invention was increased more than 
20-fold when CTAB was included in the reaction mixture. 

The reaction of the present invention is carried out 
in solution such as an aqueous buffer which may be in 
5 contact with the surface of a solid support such as a 
' bead, tube, membrane or microwell plate coated with 
peroxidase. Suitable buffers include any of the commonly 
used buffers capable of maintaining a pH in the range of 
about 5 to about 10.5 for exainple, phosphate, borate, 

10 acetate, carbonate, tris (hydro3cymethylamino) methane, 
glycine, tricine, 2-amino-2-methyl-l-propanol, 
diethanolamine and the like. The preferred method of 
practicing the invention in this regard is determined by 
the requirements of the particular intended use. 

15 Light emitted by the present method can be detected by 

any suitable known means such as a luminometer, x-ray 
film, high speed photographic film, a CCD camera, a 
scintillation counter, a chemical actinometer or visually. 
Each detection means has a different spectral sensitivity. 

20 The human eye is optimally sensitive to green light, CCD 
cameras display maximum sensitivity to red light, x-ray 
films with maximum response to either UV to blue light or 
green light are available. Choice of the detection device 
will be governed by the application and considerations of 

25 cost, convenience, and whether creation of a permanent 
record is required. 

An important use of the present chemiluminescent 
methods is for detecting the presence or amount of an 
analyte in an assay procedure by a chemiluminescent reac- 

30 tion. The method comprises the steps of contacting a 
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sanple suspected of containing the analyte with a 
chemilTJminescent coitpoiand of the present invention, a 
source of peroxide and a peroxidase, • detecting the light 
produced in a qualitative method and, if quantitation is 
desired, relating the amount of light produced to the 
amount of the analyte. The relationship between light 
intensity and amount of analyte can be easily discerned by 
constructing a calibration curve with known amounts of the 
analyte. Con^jound I is typically used in a concentration 
of about 10"^ M to about 10"^ M, preferably between about 
10"* M and about 10"^ M. Hhe peroxidase is preferably below 
about 10'^ M when detected in a solution. Typical saitples 
which are analyzed by the chemiluminescent reaction method 
are body fluids such as blood, plasma, serum, urine, 
semen, saliva, CSF and the like. 

Analytes which can be assayed by the present methods 
include peroxidases, in which case it would be unnecessary 
to add additional peroxidase, inhibitors of peroxidases, 
and various classes of organic and biological molecules 
which can be labeled with a peroxidase or can be specifi- 
cally detected through enzyme- labeled specific binding 
partners. The enzyme can be incorporated directly as the 
label on the analyte binding confound. Alternately the 
analyte binding conpound can be bound to at least one 
enzyme-labeled specific binding substance for the analyte 
binding compound. Alternately the analyte binding compound 
can be labeled with at least one second specific binding 
substance which is then bound to a enzyme-labeled binding 
partner for the second specific binding substance. 

The present invention also relates to the use of this 

33 
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method for detecting hydrogen peroxide in an assay proce- 
dure by a chemilxuninescent reaction with a conrpoxind of 
formula I and a peroxidase enzyme, wherein the amount of 
light produced is related to the presence or amount of the 
5 peroxide present. It will be apparent to those skilled in 
the art of chemi luminescent assays that the present meth- 
ods can be used to detect oxidase enzymes and dehydroge- 
nase enzymes. These enzymes generate hydrogen peroxide 
through reduction of oxygen and oxidation of their native 

10 substrates. The hydrogen peroxide thereby produced can 
then be further reacted either concurrently as it is 
generated or in a siabsequent step with compoimd I of the 
present invention and a peroxidase to produce light. A 
property of the light produced is then related to the 

15 amount of the oxidase or dehydrogenase enzyme. Further the 
oxidase or dehydrogenase enzyme may be present as a conju- 
gate to a biological molecule or a membeir of a specific 
binding pair in an assay for an analyte. 

The reaction of a compound of formula I with a peroxi- 

20 dase to produce chemi luminescence constitutes a rapid and 
sensitive method for detecting the presence or amount of 
the peroxidase. Use of the present method can therefore be 
made for the purpose of determining the presence or quan- 
tity of a peroxidase in a sample by measuring the amount 

25 or intensity of light produced by reaction of the sainple 
with a compound of formula I. Such a determination can 
find use e.g. in detecting the peroxidase activity of 
mammalian blood as evidence in forensic investigations, 
A second area of application for the chemiluminescent 

30 measurement of peroxidase activity is in the detection and 
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measurement of enzyme inhibitors. For example, peroxidase 
inhibitors include cyanide, sulfide and high concentra- 
tions of hydrogen peroxide. Measurement of the quantity or 
characteristics of an inhibitor, such as the inhibition 
5 constant K^, or half -life for inhibition, t^^^' 

measuring the activity of a sample containing the peroxi- 
dase enzyme in the presence of a substrate of formula I 
producing a detectable product and a quantity of the 
inhibitor. Reaction of the enzyme and chemil\iminescent 

10 compound is made in the presence and absence of the inhib- 
itor and the results are compared to determine the pres- 
ence or amount of the inhibitor. The effect of the inhibi- 
tor can have one or more of any of three effects, a de- 
crease in light intensity, a slower rate of rise of light 

15 intensity or a delay period before light emission begins. 
Since the reaction is catalyzed by the peroxidase, 
exceedingly small quantities of the enzyme are sufficient 
to produce a detectable amount of light. Sensitivities 
below 1 amol (1 x 10**^^ mol) have been achieved. The abili- 

20 ty to detect such small amoxints of peroxidase itiake the 

present chemiluminescent technology suitable for analyses 
of many types of analytes using enzyme-linked assays which 
can detect small quantities of analyte present in low 
abundance in a sample or in a saitple of limited size. In 

25 this type of assay, a peroxidase is conjugated to one 
member of a specific binding pair. An example is a 
chemiluminescent enzyme-linked immunoassays, such as an 
ELISA. Various assay formats and the protocols for per- 
forming the immunochemical steps are well known in the art 

30 and include both competitive assays and sandwich assays. 
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The detectably labeled binding pair so fomed can be 
assayed with the compoiands and methods of the present 
invention. When the detectable label is the peroxidase 
enzyme, it is detected directly. When the detectable label 
5 is a member of another specific binding pair, e.g. a 

hapten, a conjugate of its binding partner with a peroxi- 
dase is reacted first and the peroxidase then detected in 
accordance with the present methods. Measurement can be 
performed with enzyme-labeled species attached to art- 

10 known solid surfaces or supports or free in solution or 
enclosed within an organized assembly such as a liposome 
in which case a lytic agent is enployed to lyse the 
liposome and free the detectable enzyme. 

Another exemplary use is the detection of proteins by 

15 the technique of western blotting, A sample containing a 
protein analyte is detected with a specific primary anti- 
body and an enzyme-labeled secondary antibody which recog- 
nizes and binds to the primary antibody. The label enzyme 
is detected by chemi luminescence using a coir^^ound of the 

20 present invention as the chemiluminescent assay using a 
reagent of the invention. Variations on this technique 
such as using biofcinylated antibodies and avidin-HRP are 
considered within the scope of assays able to be performed 
using the inventive methods. 

25 Compounds of the present invention are also useful for 

the detection of nucleic acids by the use of enzyme- 
labeled nucleic acid probes. Exemplary methods include 
solution hybridization assays, DNA detection in Southern 
blotting, RNA by Northern blotting, DNA sequencing, DNA 

30 fingerprinting, colony hybridizations and plaque lifts, 
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the conduct of which is well known to those of skill in 
the art. To adapt these methods for use with the present 
compounds a peroxidase enzyme is used as a label. The 
peroxidase can be present as a direct conjugate with a 
5 probe oligonucleotide or capture oligonucleotide or it can 
be incorporated through indirect linking- means using art- 
known methods. 

In addition to the aforementioned antigen- antibody, 
hapten-antibody or antibody-antibody pairs, specific 
10 binding pairs also can include cortqplementair/ oligo- 
nucleotides or polynucleotides, avidin-biotin, strept- 
avidin-biotin, hormone-receptor, lectin-carbohydrate, IgG- 
protein A, nucleic acid-nucleic acid binding protein and 
nucleic acid-anti-nucleic acid antibody. 
15 In another aspect, the present invention relates to a 

reagent coinposition for producing chemiluminescence by 
reaction with a peroxidase corrprising an aqueous buffer 
with a pH between about 5 and about 10.5, a compound of 
forxnula I at a concentration of 0.01-10 iriM and a peroxide 
20 at a concentration of 0.01-10 m. Optionally the cotcposi- 
tions may further comprise at least one enhancer in an 
amount effective to enhance the chemiluminescence, prefer- 
ably between 0.001 and 10 mg/mL. The composition may also 
optionally comprise a surfactant at a concentration be- 
25 tween 0.01 and 10 mg/mL. 

A preferred reagent corrposition for producing chCTiilu- 
minescence by reaction with a peroxidase conprises an 
aqueous buffer with a pH between about 7.5 and about 9, a 
compound of formula I at a concentration of 0,01-10 mM, a 
30 peroxide at a concentration of 0.01-10 iriM, an enhancer at 
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a concentration of 0.001 and 10 ing/inL and a surfactant in 
an amount effective to enhance the chemiluminescence, 
preferably between 0.001 and 10 mg/mL. The formulation can 
fiirther comprise a chelating agent such as EDTA at a 
5 concentration of 0.01-10 xM. 

In order to more fully describe various, aspects of the 
present invention, the following examples are presented 
which do not limit the scope of the invention in any way. 

10 EXAMPLES 

1 Synthesis of pj f.H oacetals . The following com- 

pounds were prepared. 
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Me = methyl, Et = ethyl, Pr = n-propyl, Ph = phenyl, Np 
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2-naphthyl, An = p-anisyl (4-MeOPh) , - r" are H unless 
otherwise indicated. Compounds 3, 4 and 6 were obtained as 
mixtures of double bond isomers. Each of these coinpounds 
generates chemi luminescence in the present invention. 

5 

0 Pr^narati^n of N-Arvl — ^'^^^ Pr^nnrsors . The confounds 
N-phenylacridan, N- {4-methoxy)phenylacridan and N-(2- 
naphthyDacridan were prepared by a palladium-catalyzed 
coupling of acridan and a halogenated aromatic compound, 

10 preferably an aryl iodide or aryl bromide. For example, 

bromobenzene, 4-bromoanisole and 2-bromonaphthalene can be 
used in the coupling reaction. The palladium-catalyzed 
step was performed using methods generally known in the 
literature using a palladium catalyst formed from a ter- 

15 ■ tiary phosphine and a palladium compound such as PdCl^ or 
PdlOAc)^. 



^. Rfiorescrit-ahive .g ynhhstic Procedures, 

MeS^ ^SMe 




20 



1 

c:^^nnc.«-is of Pompound 1. To an LDA solution (37 mmol) 
prepared from diisopropylamine and n-butyllithium in THF 

25 (150 mL) at -78 °C was added the N-phenylacridan (9.00 g, 
35 mmol) in THF (50 mL) . The mixture was stirred at -78 
for 1 hr. CS^ (2.35 mL, 39 mmol) was then added. After 1 
hr at -78 "C, the reaction was allowed to warm up slowly 
to room teiti)erature (1 hr) . The reaction mixture was 

30 cooled down to -78 again when Mel (2.86 mL, 46 mmol) 
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was added. After the addition, the dry ice bath was re- 
moved and the reaction was continued at room temperature 
for 2 hrs. The reaction mixture was then evaporated in 
vacuo and the residue was subject to colxomn chromatography 
5 (hexanes/CH CI 7:1), giving 9.21 g of methyl N-phenyl- 

.acridan-9-dithiocarboxylate as a yellow crystalline solid. 
Yield 76%. NMRCCDCl^) : d2.54 (s, 3H) , 6.02 (s, IH) , 
6.37 (d, 2 H), 6.92 (t, 2H) , 7.07 (t, 2H) . 7.35-7.43 {m. 4 
H) , 7.53 (m, IH) , 7.64 (m, 2H) . 
10 To an LDA solution (1.1 mmol) in THF (30 mL) at -78 °C 

was added the dithioester (0.347 g, 1 mmol) in THF (5 mL) . 
The mixture was stirred at -78 for 1 hr. Mel (0.10 mL, 
1.6 mmol) was then added via a syringe at -78 <»C. The 
resulting mixture was stirred overnight at room teitpera- 
15 ture. After removal of solvent in vacuian, the residue was 
chronatographed on silica gel (hexanes/EtOAc 20:1), giving 
0.317 g of Compound 1 as a slightly yellowish solid (88% 
yield). NMR (CDCI3) : d 2.37 (s, 6H) , 6.52 (d, 2H) , 
7.07-7.18 (m, 4H) , 7.41 (d, 2H) , 7.57 (m, IH) , 7.67 (m, 
20 2H) , 7 . 97 (dd, 2H) . 

Compounds 2, fi, a", IQ.. lii 11/ IS' 2fi. 21, 22, 23., 
and 20. were also prepared by an analogous procedure from 
the corresponding dithioester intermediates using either 
LDA or NaH as the base. 
25 Pnmnound 2. Yield 80%. NMR (CDCI3) : 5 2.29 (s, 6H) , 

3.48 (s, 3H), 7.01-7.09 (m, 4H) , 7.30 (m, 2H) , 7.82 (dd, 
2H) . 

rnmnnimd 6. Yield 29%. WSR (CDCl^) : 5 0.88 (t, 3H) , 
1.20 (br, lOH), 1.49 (m, 2H) , 2.32 (s, 3H) , 2.71 (t, 2H) , 
30 6.47 (t. 2H), 7.04-7.10 (m, 4H) , 7.36 (d, 2H) , 7.54 (m, 
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IH), 7.64 (m, 2H), 7.90 (dd, IH), 7.96 (dd, IH) . 
PoTtmnimd 8. Yield 63%. NMR (CDCI3) : 51.19 (t, 3H) , 2.25 
(s, 3H). 3.56 (s, 2H), 4.08 (q, 2H) , 6.49 (d, 2H) , 7.03- 
7.12 (m, 4H), 7.38 (d, 2H) , 7.55 (m, IH) , 7.65 (m. 2H) , 
5 7.93 (dd, IH), 8.00 (dd, IH) . 

Compound 9. Yield 83%. NMR {CDCI3) : 5 1.21 (d, 6H) ,• 
2.32 (s, 3H), 3.22 (m, IH) , 6.44-6.50 (m, 2H) , 7.04-7.12 
(m, 4H), 7.35 (d. 2H), 7.54 (m, IH) , 7.64 (m, 2H) , 7.85 
(dd, IH) , 8.03 (dd, IH) . 
10 rnrnnound 10. Yield 65%, using 1,2-epoxybutane as 

alkylating agent. ^H NMR (CDCl^): 5 0.86 {t, 3H) , 1.38 (p, 
2H), 1.74 (br, IH). 2.37 (s, 3H) , 2.49 (dd, IH) , 3.02 (dd, 
IH), 3.30 (m, IH), 6.51 (dd, 2H) , 7.03-7.16 (m, 4H) , 7.35 
(d, 2H), 7.55 (t, IH), 7.62 (t, 2H) , 7.92 (dd, IH) , 8.00 

15 (dd, IH) . 

rnmnomid 16. Yield 96 %. ^H NMR (CDCI3) : S 2.35 (s, 6H) , 
6.51 (iti, 2H), 7.08 (m, 4H) , 7.43 (dd, IH) , 7.60 (m, 2H) , 

7.93 (m, 4H), 8.00 (d, IH) , 8.12 (d, IH) . 

roitmound 17. Yield 49%. ^H NMR (CDCI3) : 5 2.31 (s, 6H) , 
20 3.67 (s, 3H), 5.99 (d, IH) , 6.43 (dd, IH) , 6.63 (dd, IH) , 
7.00-7.11 (m, 2H), 7.36 (d, 2H) , 7.52 (m, IH) , 7.63 (m, 
2H), 7.80 (d, IH) , 7.93 (dd, IH) . 

PoTTtnonnd 19. Yield 90%. hi NMR (CDCI3) : 5 2.29 (s, 3H) , 
2.40 (s, 3H), 6.37 (d, IH) , 6.48 (m, IH) , 6.97 (t, IH) , 
25 7.01-7.17 (m, 3H) , 7.36 (d, 2H) , 7.54 (m, IH) , 7.64 (m, 
2H) , 7.73 (m, IH) . 

ConvDOund 20. Yield 86%. NMR (CDCl^) : S 2.20 (s, 3H) , 

3.94 (m, 2H), 6.52 (m, 2H) , 7.00-7.15 (m, 4H) , 7.25 (m, 
5H), 7.37 (d, 2H), 7.58 (t, IH) , 7.68 (t, 2H) , 7.80 (dd, 

30 IH), 7.93 (dd, IH). 
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rn,n pmmci 21. Yield 96%. ^ NMR (CDCl^) : 6 2.30 {s, 6H) , 
3.92 (s, 3H), 6.50 (d, 2H) , 7.00-7.15 (m, 6H) , 7.28 (d, 
2H), 7.87 (dd, 2H). 

rnmnnund 23 . Yield 84%. Hi NMR (CDCI3): 5 1.89 (p. 2H), 
5 2.35 (s, 3H), 2.77 (t, 2H) , 2.90 (t, 2H) , 6.48 {t, 2H) , 
7.01-7.13 (m, 4H), 7.37 (d, 2H) , 7.54 (m. IH) , 7.64 (m, 
2H), 7.86 (d, IH), 7.95 (d, IH) . 

Pnntnound 26. Yield 94%. 'h NMR (CDCl^) : 5 2.30 (s, 6H) , 
5.29 (s, 2H), 6.87 (d, 2H) , 7.06 (t, 2H) , 7.13-7.20 (in, 
10 4H), 7.27-7.35 (m, 3H) , 7.88 (d, 2H) . 

Ponmound 30. Yield 90%. hi NMR (CDCI3) : 6 2.32 (s, 6H) , 
5.25 (s, 2H). 6.83 (d, 2H) , 7.10 (m, 4H) , 7.19 (d, 2H) , 
7.12 (d, 2H), 7.91 (d, 2H} . 

15 all-.pmahe Prorpdnre f n-r nifchiocarboxvlatipn. To a 

solution of N-benzylacridan (43.8 g) in THF (800 iriL) under 
argon was added 67 mL of 2.5 M n-BuLi solution at -780C. 
•Ehe mixture was stirred at -78 °C for 3 hours, the cooling 
bath was removed and stirring continued for another 30 

20 min. The solution was again cooled to -78 °C and 10.65 mL 
of CS was added. After 1 hr at -78 ^C, the reaction was 

2 

allowed to warm up slowly to room temperature (1 hr) . 
Methyl iodide (29.71 g) was added reaction was continued 
at room temperature over night. The reaction mixture was 
25 then evaporated in vacuo and the residue dissolved in 
CH cl Passage of the solution through a short plug of 

2 2 

Silica and evaporation of solvent left an orange solid 
which was crystallized from hot ethyl acetate (10 mL/g of 
solid) . 
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Eh 3 
5 fivnthesis of Compound 3. To an LDA solution (11.0 

mmol) in THF (60 mL) at -78 °C was added N-phenylacridan 
(1.285 g, 5.0 mmol) in THF (20 mL) . The resulting mixture 
was stirred at -78 "'C for 1 h. CS^ (0.33 mL, 5.5 mmol) was 
added. After 30 min. at -78 °C, the reaction was slowly 

10 warmed to room tenperature (1 h) and stirred for 30 min. 
The reaction was cooled to -78 when benzyl bromide 
(1.67 mL, 14 mmol) was added. After 20 min at -78 °C, the 
reaction was allowed to warm and stirred at room tempera- 
ture for 1.5 h. After workup, chromatography (hexanes/ 

15 EtOAc 20:1) on silica gave 1.565 g of 3. (61% yield), hi 
NMR {CDCI3): 5 3.90 (s, 4H), 6.42 (d, 2H) , 6.97 (t, 2H) , 
7.09 (t, 2H), 7.18-7.30 (m, 12H) , 7.55 (m, IH) , 7.62-7.71 
(dd, 4H) ppm. 

Compounds i and 2i were prepared similarly. 
20 rnmnonnd 4. Yield 26%. NMR (CDCI3) : 5 5.95 (s, 4H) , 
6.38 (d, 2H), 6.88 (t, 2H) , 7.07 (t, 2H) , 7.12 (d, 2H) , 
7.21-7,30 (m, 20H) , 7.40 (d, 2H) , 7.53 (m, IH) , 7.61 (m, 
2H) . 

nnrnnnund 25. Yield 16%. hi NMR (CDCI3) : 5 2,28 (d, 6H) , 
25 3.44 (s, 3H), 3.86 (s, 3H) , 6.54 (d, IH) , 6.63 (dd, IH) , 
7.00-7.08 (m, 2H) , 7.29 (m, IH) , 7.72 (d, IH) , 7.87 (d, 
IH) . 

Similarly Compound 5. was prepared by alkylation of the 
corresponding dithiocarboxylate with 1, 3-diiodopropane in 
30 THF in 44% yield, hi NMR (CDCI3) : 5 2.16 (p, 2H) , 2.90 (t, 
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4H), 6.44 (d, 2H), 6.99-7.10 (m, 4H) , 7.38 (d, 2H) , 7.54 
(m, IH), 7.64 (m, 2H) , 7.71 (dd, 2H) . 

compounds U, 12, li, ii. IE. 21, 21, 21, la, 2^. 12, 21 
and 18 each containing one or two propanesulfonic acid 
5 salt groups were prepared by alkylating the 

dithiocarboxylate or dithiocarboxylate alkyl ester with 
propane sultone. 

Contpound 11 {yield 98%). NMR (CD^OD) : 5 1.92 (p, 2H) , 
2.26 (s, 3H), 2.67 (t, 2H) , 2.81 {t, 2H) , 6.41 (t, 2H) , 
10 6.90-7.10 (m, 4H) , 7.37 (d, 2H) , 7.57 (t, IH) , 7.67 (t, 
2H), 7.87 (d, 2H) . . 

romnound 12 (yield 68%). NMR (CD^OD) : 8 1.99 (p, 4H) , 
2.73 (t, 4H), 2.91 (t, 4H) , 6.42 (d, 2H) , 6.97-7.06 (m, 
4H), 7.38 (d, 2H), 7.55 (t, IH) , 7.67 (t, 2H) , 7.89 (dd, 

15 2H) . 

Onmnound 14 (yield 53%). NMR (CD^OD) : 5 1.88 (p, 2H) , 
2.22 (s. 3H). 2.63 (t. 2H) , 2.78 (t, 2H) , 6.37 (t, 2H) , 
6.90-7.05 (m, 4H) , 7.32 (d, 2H) , 7.52 (t, IH) , 7.63 (t, 
2H), 7.83 (d, 2H). 

20 rnmpnund 15 Yield 94%. NMR (CD3OD) : 5 1.87 (p, 2H) , 
2.21 (s, 3H), 2.64 (t, 2H) , 2.81 (t, 2H) , 3.45 (s, 3H) , 
6.90-7.09 (m, 4H) , 7.24 (m, 2H) , 7.79 (m, 2H) . 
romnound 18 Yield 84%. ^ NMR (CD^OD) : 5 1.93 (m, 2H) , 
2.26 (s, 3H), 2.69 (iti, 2H) , 2.82 (m, 2H) , 3.61 (s, 3H) , 

25 5.91 (dd, IH), 6.39 (t, IH) , 6.62 (m, IH) , 6.90-7.08 (m, 
2H), 7.37 (d, 2H), 7.57 (t, IH) , 7.68 (t, 2H) , 7.79 (dd, 
IH), 7.90 (dd, IH) . 

rnmnnund 22 Yield 90%. NMR (CD^OD) : 5 1.91 (p, 2H) , 
2.26 (s, 3H), 2.67 (t, 2H) , 2.80 (t, 2H) , 3.90 (s, 3H) , 
30 6.46 (t, 2H), 6.99 (m, 2H) , 6.07 (m, 2H) , 7.18-7.29 (m, 
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4H) ,7.86 (d, 2H) . 

rntmound 24 Yield 78%. NMR (CD^OD) : 8 1.95 (p, 2H) , 
2.29 (s, 3H), 2.70 (t, 2H) , 2.83 (t, 2H) , 6.44 (dd, 2H) , 
7.03 (m, 4H), 7.40 (dd, IH) , 7.59 (m, 2H) , 7.90 (d, 2H) , 
5 8.01 (m, 3H) , 8.16 (d, IH) . 

rnnmound 27 Yield 83%. NMR (CD^OD) : 5 1.85. (p, 2H) , 
2.22 (s, 3H), 2.59 (t, 2H) , 2.80 (t, 2H) , 5.32 (s, 2H) , 
6.88 (d, 2H), 6.98 (m, 2H) . 7.10 (m, 4H) , 7.20-7.27 (m, 
3H), 7.83 (dd, 2H). 
10 rntn pnimd 28. Yield 87%. ^ NMR (CD^OD) : 5 1.85 (p, 2H) , 
2.22 (s, 3H), 2.60 (t, 2H) , 2.80 (t. 2H) , 5.30 (s, 2H) . 
6.86 (d, 2H), 6.96-7.17 (m, 6H) , 7.27 (d, 2H) , 7.80-7.87 
(dd, 2H). 

rnmnnnnd 29. Yield 91%. ^ NMR (CD^OD) : 6 1.85 (p, 2H) , 
15 2.22 (s, 3H), 2.61 (t, 2H) , 2.80 (t, 2H) , 3.74 (s, 3H) , 
5.25 (s, 2H), 6.82 (d, 2H) , 6.89-7.02 (m, 6H) , 7.13 (t, 
2H) , 7.80-7.87 (dd, 2H) . 

PnrnnQiind 32. NMR (CD^OD) : d 1.14 (t, 3H) , 1.89 (p, 2H) , 
2.63 (t, 2H), 2.72 (q, 2H) , 2.83 (t, 2H) , 5.32 (s, 2H) , 
20 6.90 (m, 2H), 6.99 (m, 2H) , 7.09-7.26 (m, 7H) , 7.83 (d, 
IH), 7.89 (d, IH). 

Pnmnmmd 33 . Si NMR (CD3OD) : 8 0 . 82 (t, 3H) , 1.46 (m, 2H) , 
1.92 (p, 2H), 2.68 (m, 4H) , 2.83 (t, 2H) , 5.32 (s, 2H) . 
6.91 (m, 2H), 6.97 (m, 2H) , 7.1-7.25 (m, 7H) , 7.86 (t, 

25 2H) , 

Compound 38. NMR (CD^OD):8l.9 (p, 2H) , 2.6 (t, 2H) , 2.8 
(t, 2H), 3.93 (s, 2H), 5.31 (s, 2H) , 6.9 (m, 3H) , 7.2 (in, 
13H), 7.6 (d, IH), 7.8 (d, IH) . 

30 flvn thesis of Compound 7. To a solution of LDA (2.5 
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rnmol) in THF (30 mL) was added methyl N-phenylacridan-9- 
dithiocarboxylate (0.347 g, 1.0 mmol) in THF (10 mL) . 
After 1 h at -78 °C, the reaction was allowed to warm up 
to -20 •'C and bromobenzene was then added. The reaction 
5 was allowed to slowly warm up after the addition and 

stirred at room temperature for 3 h. Removal, of solvent in 
vacuo followed by chromatography (hexanes/EtOAc 20:1) 
afforded 0.255 g of Compound 7 (60% yield) . hi NMR 
{CDCI3): 5 2.20 (s, 3H), 6.45 (d, IH) , 6.53 (d, IH) , 6.92 
10 (t, IH), 7.03-7.24 (m, 4H) , 7.33-7.47 (m, 6H) , 7.56 (m, 
IH), 7.66 (m, 2H), 7.87-7.94 (m, 2H) . 

p ^ /nhhf^sis of PnTtmotind 13. N-phenylacridan-9-dithio- 
carboxylate was converted to the n-dctyl thioester by 
reaction with 1-iodooctane. To an LDA (4.48 rnmol) solution 
15 in THF (70 mL) at -78 was added n-octyl N-phenylacridan 
-9-dithiocarboxylate (1.90 g, 4.26 mmol) in THF (20 itiL) . 
The resulting mixture was stirred at -78 °C for 1 h. 1,3- 
Propanesultone (0.78 g, 6.39 mmol) was then added in THF 
(10 mL) . After 45 miri. at -78 °C, the reaction was allowed 
20 to warm up to room ten^erature and stirred further for 3 
h. Removal of solvent gave a solid residue which was 
dissolved in a minimum volume of CH^Cl^ and precipitated 
with hexanes. The procedixre was repeated until the solu- 
tion showed no fluorescent component on a TLC plate. After 
25 drying in vacuum, 2 .270 g of ii was obtained as a yellow- 
ish powder. Yield 93%. NMR (CDCl^) : 6 0.84 (t, 3H) , 
1.13-1.40 (m, 12H), 2.02 (q, 2H) , 2.68 (t, 2H) , 2.77 (t, 
2H), 2.90 (t, 2H), 6.42 (dd, 2H) , 6.94-7.08 (m, 4H) , 7.34 
(d, 2H), 7'.56 (m, IH) , 7.67 (m, 2H) , 7.86 (d, IH), 7.92- 
30 (d, IH), 
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pyn^hp.-i. of romnound 31.. Conpound M (0.250 g. 0.49 
mtnol) in CH^Cl^ (5 wL) was stirred with triethylamine (9 
rriL) at room tenperature for 2.5 days. The volatiles were 
removed in vacuum. The residue was dissolved in a miniimati 
5 amount of CH^Cl^ and precipitated with ether. This proce- 
dure was repeated until the washes showed no fluorescent 
component. After drying in vacuum, 0.140 g of Confound 11 
was obtained as a yellowish solid. Yield, 47%. hi NMR 
(CD30D):5 1.06 (m, 9H) , 1.71 (m, 2H) , 2.32 (s, 3H) , 2.91- 
10 3.08 (m. lOH), 6.37 (d, IH) , 6.51 (d, IH) , 6.98-7.18 (m, 
4H), 7.25 (d, 2H). 7.59 (m, IH) , 7.67 (m, 2H) , 7.82 (d, 
IH), 8.02 (d, IH). 

pyrn-h>»fiis of romnnund 35. To a solution of methyl N- 
phenylacridan-9-dithiocarboxylate (1.735 g, 5.00 rnrnl) in 
15 THF (80 mL) was added NaH (0.460 g, 60% suspension in 

mineral oil, 11.5 mmol) . The resulting loixture was stirred 
at room temperature for 3 h. 11-Bromoundecan-l-ol (1.633 
g, 6.50 mmol) was then added in THF (20 mL) . After over- 
night stirring, 4 mL of MeOH was added to the reaction 
20 mixture to decompose excess NaH. Removal of the solvent in 
vacuo gave a residue which was chromatographed on silica 
gel (hexane/EtOAc 4:1), giving the 11-hydroxyundecyl 
ketene dithioacetal derivative as a syrup, 2.550 g, yield 
98%, IH NMR (CDCI3): 8 1.19-1*60 (m, 19H) , 2.32 (s, 3H) , 
25 2.70 (t, 2H), 3.64 (m, 2H) , 6.46 (t, 2H) , 7.05 (m, 4H) , 
7.35 (d, 2H), 7,54 (m, IH) , 7.64 (m, 2H) , 7.88 (dd, IH) , 

7.95 (dd, IH) ppm. 

To a solution of the compound prepared above (2.55 g, 
4.92 mmol) in CH^Cl^ (60 mL) at 0 °C was added pyridine 
30 (0.52 rriL, 6.40 mmol) followed by POCI3 (0.60 mL, 6.40 
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nrool) . The reaction was continued at 0 "C for 1 h before 
the ice-bath was removed to allow the reaction to warm up 
to room tenperature (30 min) . 3-Hydroxypropionitrile (1.35 
niL, 19.7 mmol) was then added in pyridine (3.18 mL, 39.4 
5 nmol) . After stirring overnight, the reaction mixture was 
washed with water in a separatory funnel. The organic 
phase, was dried over Na^SO^, evaporated and the residue 
chromatographed on silica gel (EtOAc) to give the bis 
(cyanoethyl) phosphate derivative, 2.70 g, yield 79%. 
10 NMR (CDCI3): 8 1.19-1.50 (m, 16H), 1.71 (m, 2H) , 2.31 (s, 
3H), 2.70 (t, 2H), 2.79 (t, 4H) . 4.13 (q, 2H) , 4.38 (q, 
4H), 6.45 (t. 2H), 7.05 (m, 4H) , 7-35 (d, 2H) , 7.54 (m, 
IH), 7.64 (m, 2H), 7.88 (dd, IH) , 7.94 (dd, IH) ppm. 
Hydrolysis of the cyanoethyl protecting groups was 
15 effected by was treatment of 2.70 g (3.84 mmol) of the 

protected phosphate with 1 M NaOH (7.68 mL, 7.68 iranol) in 
acetone (40 mL) overnight, giving 2.36 g of compound 15 
(96% yield). NMR (CD^OD) : 5 1.08-1.34 (m, 16H) , 1.56 (m, 
2H), 2.25 (s, 3H), 2.64 (t, 2H) , 3.79 (q, 2H) , 6.42 (d, 
20 2H), 6.95-7.09 (m. 4H) , 7.31 (d, 2H) , 7.58 (m, IH) , 7.69 
(m, 2H), 7.84 (d, IH) , 7.89 (d, IH) . 

Conpounds M/ M and 31 were prepared in a similar 
manner, M starting from the undecyl dithioester. 
rnmnnimd 34 ^ NMR (CD^OD) : 5 1.77 (p, 2H) , 2.24 (s, 3H) , 
25 2.85 (t, 2H), 3.79 (q, 2H) , 6.39 (t, 2H) , 6.94-7.07 (m. 

4H), 7.32 (d, 2H), 7.56 (m, IH) , 7.67 (m, 2H) , 7.83 (dd, 
IH), 7.89 (dd, IH). 

rnmnoimd 36 ^H NMR (CD^OD) : 5 0.88 (t, 3H) , 1.09-1.35 (m, 
18H), 1.87 (p. 2H). 2.66 (t, 2H) , 2.90 (t, 2H) , 3.84 (q, 
30 2H), 6.40 (m, 2H) , 6.94-7.08 (m, 4H) , 7.31 (d, 2H) , 7.56 
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(m, IH), 7.67 (m, 2H) , 7.82 (d, IH) , 7.95 {d, IH) . 

rnninound 37 ^ NMR (CD^OD) : 8 1.75 (m, 2H) , 2.24 (s, 3H) , 

2.89 (t, 2H), 3.83 (q. 2H) , 5.35 (s, 2H) , 6.92 (d, 2H) , 

7.01 (t, 2H), 7.15 (m, 4H) , 7.29 (m, 3H) , 7.88 (m, 2H) . 



A. Synthe sis of Comnound 39. 

PhCHjS^ ^S(CHj)30P03Na2 
c 




3S. 

CortK)ound 12 is prepared by the following synthetic 
process. Reaction of the anion of N-benzylacridan with CS^ 
in THF at -78 °C, allowing the reaction to warm up slowly 

15 to- room temperature (1 hr) followed by addition of benzyl 
brondde yields the benzyl dithioester of N-benzylacridan. 
A solution of this dithioester in THF is treated with NaH 
and the resulting mixture stirred at room ten5)erature . 3- 
Bromopropan-l-ol (1.633 g, 6.50 mmol) is then added and 

20 the reaction conducted overnight. The ketene dithioacetal 
thus formed is phosphorylated according to the process 
described in conection with the synthesis of coirpound 

■ Enhancepiprih of Chsmiluminp snence from Ketene 
25 Dithioacetpi romoounds. Several enhancers were tested in a 
test protocol involving reacting horseradish peroxidase 
with a solution of the enhancer, peroxide. EDTA and either 
compound 1 or 14 in a buffer containing Tween 20. Peak 
light intensity was determined. Among the preferred 
30 enhancers were 2-naphthol, 5-bramo-2-naphthol, p-hydroxy- 
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cinnamic acid, 1, 6-dibromo-2-naphthol, 7-methoxy-2-naph- 
thol , 4-phenylphenol , 3 - (N-phenothiazinyl ) propanesulf onic 
acid salts, 3- (N-phenoxazinyl) propanesulf onic acid salts, 
4-(N-ph'enoxazinyl)butanesulfonic acid salts, 5- (N-phenoxaz 
5 inyDpentanoic acid salts and N-methyl-phenoxazine. 

fi, Chemiluminescenb D g>hf^nhion of HRP with Compound 1.. 
Reagent compositions con^rising 0.01 M tris buffer, pH 
7.0, 0.5 rriM urea peroxide, 0.1 xriM p-phenylphenol, 1 iriM 

10 EDTA, 0.025% Tween 20 and 5 x 10"^ M coit^ound 1 were tested 
for production of chemilojitdnescence by reacting triplicate 
100 ML aliquots with 10 iXL of HRP in the range 1.4 x 10"^^ 
to 1.4 X 10"^° moles- Light production ensued upon mixing 
and reached maximum intensity in about 1 min. A log- log 

15 plot of chemiluminescence intensity vs. amount of enzyme 

was linear over the entire range tested. 

t 

7. rhgmiluminescent Dete ction of H RP with Compound 14. 
Reagent compositions comprising 0.025 M tris buffer, pH 

20 8.0, 2.5 IriM \irea peroxide, 4 mM p-hydroxycinnamic acid, 

0.5 rriM EDTA, 0.1% Tween 20 and 3 x 10"* M compound 2A were 
tested for production of chemiluminescence by reacting 
triplicate 100 fxh aliquots with 10 iiL of HRP in the range 
1.4 X 10"^^ to 1.4 X 10"^° moles. Light production ensued 

25 upon mixing and reached maximum intensity in about 1 min. 
The relation between chemiluminescence intensity and 
amount of enzyme is depicted in Figure 1. For comparison, 
the relationship between S-B and amount of HRP is also 
shown for reference coittpound 1 having the formula: 
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Na^OjPO^ ^SPh 
C 




Ref- 1 

The results for the reference conpound were measured 15 
minutes after addition of 10 iiL of solutions of HRP con- 
taining between 1.4 x 10"^^ and 1.4 x 10""^^ moles of enzyme 
to 100 /xL of the reagent comprising 0.055 M tris buffer, 
pH 8.6, 0.25 iiiM urea peroxide, 0.05 itM p-phenylphenol, 0.5 
inM EDTA, 0.0125% Tween 20 and 3.3 x 10"* M of Ref 1, 



R. chemiliiminescent Detecti on of HRP with Compound 2?. . 
Reagent compositions comprising 0.025 M tris buffer, pH 
8.0, 2.5 mM urea peroxide, 4 rriM p-hydroxycinnamic acid, 
0.5 mM EDTA, 0.1% Tween 20 and 3 x 10"^ M compound 27 were 
tested for production of chemiluminescence by reacting 
triplicate 100 fxL aliquots with 10 of HRP in the range 
1.4 X 10"^^ to 1.4 x 10"^° moles. Light production ensued 
upon mixing and reached maximum intensity in about 1 min. 
The relation between chemiluminescence intensity at 1.5 
min and amount of enzyme is depicted in Figure 2 along 
with the results for Ref. compound 1 at 15 min as de- 
scribed above. 

Q. nomparison of Signal Intensity. Reagent compositions 
comprising 0.01 M tris buffer, pH 8, 0.5 rriM urea peroxide, 
0.1 mM p-phenylphenol, 1 iriM EDTA, 0.025% Tween 20, and 5 x 
10"^ M of each compound in the table below except the 
compound designated Ref. 1 were tested for production of 
chemil^aminescence by reacting a 100 ML aliquot with 3.5 x 
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10'^^ moles of HRP. The reagent formulation for Ref . 1 
comprised 0.05 M tris buffer, pH 8.6, 0.25 iriM xirea perox- 
ide. 0.05 niM p-phenylphenol, 0.5 mM EDTA, 0.0125% Tween 
20, and 3.3 x 10"* M Ref. 1. For comparison, data are 
5 provided for reference compounds 1 and 2. 



10 



15 



Compound 
Ref. 1 
Ref, 2 
1 
2 
11 
13 
14 
26 
27 



.qicmal /B arlcaround 
53 

325 
8060 

953 

849 
7626 

688 
5200 

533 



20 



Na^OjPO^ ^SPh 
C 




Ref. 1 



MeO^ ^SPh 
c 




in.notnparig oTi nf Signal Intensity. The maximum signal 
produced by each of compounds 14, and 27-29 was conpared 

25 by reacting a 100 liL aliquot of reagent coirpositions 

comprising 0.025 M tris buffer, pH 8, 2.5 mM urea perox- 
ide, 4 raM p-hydroxycinnamic acid, 0.5 mM EDTA, 0.1 % Tween 
20, and 3 x 10~* M of the test conpoxjnd with 3.5 x 10 
moles of HRP. Each reagent reached maximum light intensity 

30 in about 1 minute. 
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nom pound Signal /B ar?^around 

14 2491 

27 6933 

28 6717 
5' 29 6621 

38 26000 

11. Chemilinninescenne Time Prnfile using Ketene 
rnhhioacetal 26, Reagent compositions comprising 0,01 M 

10 tris buffer, pH 8.0, 0.5 rtM urea peroxide, 0,01 inM p- 

phenylphenol, 1 inM EDTA, 0.025% Tween 20, and 5 x 10"^ M 
contpound 26 were tested for production of chemi lumines- 
cence by reacting a 100 ML aliquot with 3.5 x 10" moles 
of HRP. The relative chemiluminescence time profile is 

15 depicted in Figure 3 and demonstrates the more rapid 
generation of chemiluminescence than the structurally 
similar compound designated Ref 2 . The chemiluminescence 
time profile using the other ketene dithioacetals listed 
in Example 1 exhibited a similar rapid rise, 

20 

12. nhemi luminescenc e Time Profile using Ketene. 
nithioacetal 27. Reagent compositions conprising 0.025 M 
tris buffer, pH 8.0,- 2.5 iriM \irea peroxide, 4 rrfM p-hydroxy- 
cinnamic acid, 0.5 tM EDTA, 0.1% Tween 20, and 3 x 10"^ M 

25 compound 27 were tested for production of chemilumines- 
cence by reacting a 100 iiL aliquot with 3.5 x 10' moles 
of HRP. The relative chemiluminescence time profile is 
depicted in Figure 4 demonstrates the rapid generation of 
chemiluminescence and higher signal level generated than 

30 the reagents of the previous example. 
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1.-^. Western Rlofc us-inrr a Keten e Dithioaref a1 .qiabstrate ■ A 
western blot assay of S-galactosidase as the test antigen 
was conducted according to the procedure described in U. 
5 K. Laerpmli, Nature (London)^ 227, 680 (1970) using a PVDF 
membrane. fi~Galactosidase standards in the range of 5000 - 
5 pg. The detection reagent containing Compound 1 permit- 
ted detection to be performed in under 1 minute. Figure 5 
demonstrates the detection of fi-gal after 11 min with a 5 

10 second exposure. For comparison, the results of a western 
blot using a reagent containing compound Ref . 1 as de- 
scribed in U.S. 5,922,558 produced lower intensity chemi- 
luminescence and required longer exposures to achieve the 
same image of the more abundant bands. In addition, the 

15 reagent of the invention was able to image lower abundance 
bands of 1 pg or less which were not possible to image 
with the reagent containing the reference compound. 

1 A , Wf^stem Blot using additioi pal Ketene Dithioacetal 
20 fliihatrate. Western blot assays of 6-galactosidase were 
conducted according Example 13 using detection reagents 
containing either compound 27 or coitpound 37 and an 
enhancer and peroxide. Figure 6 demonstrates the detection 
of S-gal after 60 min with a 1 min exposure using compound 
25 27 and an 1 min exposure after 8 min using compound 21- 
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15. Additional Ketone Dithioacetals . The following com- 
pounds were prepared. 



5 








E*-'' e' 


E^ E^ 








CHj CH3 


10 




CH^Ph 


CH -p-C H CI (CH, ) ,S0 Na 

2 6 4 2 3 3 




A *^ 

42 


Ph 


CHjPh (CH2)3S03Na 




A "3 

4j 


CHjPh 


(CH^ ) 30P03Na2 (CH^) 30P03Na2 




>l A 

44 




(CH^jjOH (CH2)30P03Na2 




45 


Ph 


-CH,CH (OH) CH,- 


15 


46 


Ph 


-CH^CH { 0 ( CHj ) 3 SOjNa ) CH^ - 




47 


- CH Ph 

2 


-CH2CH(0 (CH^) 3S03Na) CH^- 




48 


CH„Ph 


-CH^CH (0 (CH^ ) 30P03Na2 ) CH^- 




49 


CH^Ph 


-CH2CH2(0CH2CH2)^- 




50 


(CH2)30(CH2)3S03Na' o-CgH^ 


20 


51 








52 


CH^Ph 


(CH2)30H {CH2)30{CH2)3S03Na 




53 


CH Ph 

2 


CH3 (CH2)30(CH2)3S03Ma 




54 


Ph 


CH3 (CH2)3S(CH2)3S03Na 




55 


CHjPh 


CH3 (CH2)30S03Na 


25 


56 


Ph 


CH3 (CH2)30(CH2)3S03Na 



Compound 51 was prepared as described in the aforemen- 
tioned Akiba article. 



56 



wo 03/053934 



PCT/US02/37611 



Ifi. Additional Synthesis and Oharacterizabion.. 
rnmnound 40; NMR (CDCI3) : 52.28 (s, 6H) . 4.74 (s, IH) , 
5.21 (s, 2H), 6.76 (d, 2H) , 6.87 (d, 2H) , 7.00 {m, 4H) , 
7.12 (t, 2H) , 7.85 (d, 2H) . 

5 

Pnitmound 41; NMR (CDCl^) : 52.03 (p, 2H) , 2.78 (t, 2H) , 
2.94 (t, 2H), 3.86 (s, 2H) , 5.29 (s, 2H) . 6.80-7.15 (m, 
12H). 7.28 (m, 3H) . 7.59 (d, IH) , 7.93 (d, IH) . 
rnmnound 42 » NMR (CDCI3') : 51.82 (p, 2H) , 2.60 (t, 2H) , 

10 2.75 (t, 2H), 3.83 (s, 2H) , 6.29-6.36 {m, 2H) , 6.80-6-85 
(t, IH), 6.90-7.03 (m, 3H) , 7.12 (s, 5H) , 7.22-7.25 <d, 
2H), 7.48-7.63 (m, 4H) , 7.78-7.80 (d, IH) . 
romnound 43; NMR (D^O): 51.77 (p, 4H) , 2.88 (t, 4H) , 
3.69 (q, 4H), 5.30 (s, 2H) , 6.98 (d, 2H) , 7.06 {m, 4H) , 

15 7.18-7.29 (m, 5H) , 7.88 (d, 2H) . 

rnmnmmd 44; hi NMR (CD^OD) : 5 1 . 70 (p, 2H) , 1.88 (p, 2H) , 
2.78 (t, 2H), 2.92 (t, 2H) , 3.15 (t, 2H) , 3.85 (q, 2H) , 
5.29 (s, 2H), 6.90 (t, 2H) , 6.98 {m, 2H) , 7.08-7.26 (m, 
7H), 7.74 (d, IH), 7.95 {d, IH) . 

20 

pynt-hPsis of rnnmound 45. To an LDA (30.8 itmol) solution 
in THF (250 xtiL) at -78 oC was added N-phenyl acridan (3.86 
g, 15.0 mmol) in THF (20 niL) . The resulting mixfure was 
stirred at -78 cC for 1.5 hrs. CS^ (0.99 mL, 16.5 mmol) was 

25 then added. After 45 min. at -78°C, the reaction was 

allowed to warm up to room temperature and stirred further 
for 30 min. before [2- (l,3-dibromo)propoxy] -tert-butyldi- 
methylsilane (5.23 g, 15.8 mmol) was added in THF (130 mL) . 
After overnight stirring, the solvent was reiwjved and the 

30 residue was subject to colximn chromatography (silica gel, 
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hexanes/CH^Cl^: 1/2.5). Compound M (6.15 g) was obtained 
(81% yield) . Deprotection of the siloxy group with TBAF 
furnished 1£ in 85% yield, NMR (CDCI3) : 62.76 (dd, 2H) , 
2.82 (br, IH), 3.19 (dd, 2H) , 4.22 (m, IH) , 6.76 (d, 2H) , • 
7.01-7.13 (m, 4H), 7.38 (d, 2H) , 7.55 (t, IH) , 7.62-7.72 
(m, 4H) . 

g^7n^hesis of rnn^nound 46. To a solution of 4^ (1.00 g, 2.57 
mol) in DMF (10 mL) under argon was added sodium hydride . 
{0.108 g, 60% in mineral oil, 2.70 mnol) , After about Ihr 
and 20 min, a clear solution was resulted. 3-Propanesultone 
was then added and the mixture stirred at room teitperature 
for 60 hrs. The reaction mixture was concentrated to a 
volume of about 3 mL by removing DMF in vacuum. Acetone (7 
mL) was added to precipitate the product. The mixture was 
stirred for 20 min. before the solid was collected by 
filtration. The solid was washed with acetone (3 x 5 mL) 
and dried to give 1.12 g of the crude product. 
Recrystallization with water and isopropanol gave 0.80 g of 
pure M as a yellowish solid (58% yield) . NMR (CDCI3) : 8 
2.16 (p, 2H), 2.90 (t, 4H), 6.44 (d, 2H) , 6.99-7.10 (m, 
4H), 7.38 (d, 2H), 7.54 (m, IH) , 7.64 (m, 2H) , 7.71 (dd, 
2H) . 

rnnu^nnnd 47 . H^ MIR (CD3OD) : 8 .03 (2H, m) , 2.87 (4H, m) , 
3.08 (2H, m), 3.62 (2H, t, J= 6.5 Hz), 4.00 (IH, m) , 5.26 
{2H, s), 6.81 (2H, d, J = 8.2 Hz), 6.94 (2H, m) , 7.07 (4H, 
m), 7.21-7.29 (3H, m) , 7.65 (2H, d, J = 7.5 Hz). 
rnn^und 48. h' NMR (CD3OD) : 5 1.85 (2H, m) , 2.84 (2H, m) , 
3.06 (2H, m), 3.63 (2H, t, J = 6.7 Hz), 3.87 (2H, m) , 3.99 
(IH, m), 5.21 (2H, s) , 6.78 (2H, d, J = 8.1 Hz), 6.93 (2H, 
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10 



m), 7.05 (4H, m) , 7.19-7.27 (3H, m> , 7.64 {2H, d, J = 7.2 
Hz). P^^ NMR (CDjOD) : d 10.27 (s) . 

ron.nnnnd 49. NMR (CDCI3) : 5 2.92 (4H, t, J = 7.1 Hz), 
3.51-3.63 (16H, m) , 5.27 {2H, s), 6.85 (2H, d, J= 8.7 Hz). 
7.02 {2H, m), 7.11-7.15 (4H, n) . 7.25-7.30 (3H, m) , 7.93 
(2H, d, J = 7.5 Hz) . 
rn^nund 50. NMR (CD3OD) : 8 2.03 {m, 4H) , 2.85 (t, 2H) , 
3.48 (m, 4H), 4.14 (t, 2H) , 7.02-7.10 (m, 4H) , 7.18-7.33 
(m, 6H), 7.45 (d, 2H) . 



17 rnmnarisnr. nf Si ana] Tnhensitv. 'The maximum signal 
produced by each of compounds was con^jared by react- 

ing a 100 iih aliquot of reagent compositions comprising 
0.025 M tris buffer, pH 8, 2.5 mM urea peroxide, 4 iriM p- 
15 hydroxycinnamic acid, 0.5 itiM EOTA, 0.1 % Tween 20, and 

either 1 itM, 0,3 rriM, 0.15 rriM or 0.05 m of the test com- 
pound with 3.5 X 10-" moles of HRP. Each reagent reached 
maximum light intensity in 1-3 minutes. 

goiEBsmid ForTtitiiation f^jonqi mq<?Kcfr9m<a 

1.0 4011 

1.0 14000 

1.0 9100 

1.0 1121 

1.0 5810 

0.3 2102 

1.0 13000 

1.0 7228 

1.0 4219 

0.05 4853 

0.3 1651 



20 40 
41 
42 
43 
44 

25 45 



46 
47 
48 
49 

30 50 
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51 0.05 . 4264 

52 0.15 • 5840 

53 0,15 5742 

54 0.15 2502 

55 0.3 5408 



CoinpoTonds 49 and 51 were very poorly soliible in 
aqueous formulation. 



v^ftshem Blot using Ketene p i hhioacetal Substrate 46, 
10 Western blot assays of B-galactosidase were conducted 

according to Exantple 13 but using nitrocellulose membrane 
and a detection reagent conprising 0.025 M tris buffer, pH 
8.0, 2.5 iiM urea peroxide, 4 itiM p-hydroxycinnamic acid, 0.! 
mM EDTA, 0.1% Tween 20, and 1 iriM coirpound Figure 7 
15 demonstrates the rapid and convenient detection of 6-gal 
with excellent sensitivity at various time points up to 12 
min. 



1,9. Additional Compounds, 
20 rnmnound 52. IH NMR {CD3OD) : 5 1.59-1.70 (m, 4H) , 1.95 (m, 
2H), 2.72-2.83 (m,-6H), 3.18 (t, 2H) , 3.34 (t, 2H) , 3.45 
(t, 2H), 5.29 (s, 2H), 6.91-7.02 (m, 4H) , 7.09-7.25 (m, 
7H), 7.82 (d, 1H),7.88 (d, IH) ppm. 

25 rompound 53. IH NMR (CD^OD) : 6 1.54 (p, 2H) , 1.92 (m, 2H) , 
2.21 (s, 3H), 2.70-2.82 (m, 4H) , 3.10 (t, 2H) , 3.29 (t, 
2H), 5.30 (s, 2H}, 6.90-7.02 (m, 4H) , 7.08-7.26 (m, IE). 
7.78 (d, IH), 7.89 (d, IH) ppm. 

30 nnTTi pniind 56. IH NMR (CD^OD) : 8 1.60 (p, 2H) , 1.93 (m, 2H) , 
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2.27 (s, 3H), 2.71-2.82 {m, 4H) , 3.14 (t, 2H) , 3.32 (t, 
2H), 6.43 (t, 2H), 6.98-7.10 (m, 4H) , 7.32 (d, 2H) , 7.57 
(m, IH). 7.69 (m, 2H) , 7.82 (d, IH) , 7.92 (d, IH) ppm. 

5 ^.n. Synthesis nf Pnmnoiind 54. A mixture of coitipoimd 16 

(0.500 g, 0.97 nmol) and potassium thioacetate (0.166 g, 
1.45 mmol) in DMF (10 mL) was stirred under argon at RT 
overnight. After removal of DMF in vacuum, the residue was 
taken up with CH^Cl^ and passed through a silica gel pad. 
10 Removal of solvent gave 0.46 g of & as a foam-like solid. 

^ 

DMF 



30 





15 Compound A was dissolved in a mixture of MeOH (10 raL) and 
THF (10 mL) \mder argon. To this solution was added NaOMe 
(0.054 g, 0.97 mmol) . The resulting mixture was stirred at 
RT for 3 hrs. Dowex 50WX8-100 ion-exchange resin was then 
used to adjust the PH to 5-6. The resin was filtered off 

20 and filtrate evaporated to dryness. The residue was taken 
up with acetone and passed through a silica gel pad. After 
removal of solvent, 0.41 g of B was furnished as foam-like 
solid. 

NaOMe ^ 

25 IX XJ MeOH 





Bl NMR (CDCI3): d 1.21 (t, IH), 1.72 (p, 2H) , 2.30 (m, 
2H), 2.35 (s, 3H), 2,80 (t, 2H) , 6.49 (t, 2H) , 7.02-7.14 
(m, 4H), 7.38 (d, 2H), 7.55 (t, IH) , 7.65 (m, 2H) , 7.88 (d, 
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IH), 7.95 (d, IH) ppm. 

Conpoimd B was converted to Compound 54 reaction 
with propanesultone and NaH in DMF as described above. 
NMR (CD3OD): 5 1.59 (p, 2H), 1.92 (p, 2H) , 2.22 (t, 2H) , 
5 2.27 (s, 3H), 2.45 (t, 2H) , 2.73-2.85 (m, 4H) , 6.43 (dd, 
2H), 6.98-7.10 (m, 4H) , 7.35 (d, 2H) , 7.58. (ni,. IH) , 7,67 
(m, 2H), 7.80 (d. IH) , 7.92 (d.lH) ppm. 

91 ..gynthep-i R of Contpound 55. A ndxture of the dithioester 
10 (1.00 g, 2.77 mmol) and NaH (2.77 mraol) in DMF was stirred 
vnder argon for 1 hr. 1,3 -Propanediol cyclic sulfate was 
then added and the resulting mixture stirred at RT over- 
night. After removal of DMF, the residue was washed with 
acetone/ether (1:3) and recrystallized with MeOH/2-propanol 
15 to give 1.40 g of Si (yield 96%). NMR (300 MHz, CD^OD) : 
S 1.69 (p, 2H), 2.21 (s, 3H), 2.76 (t, 2H) , 3.83 (t, 2H) . 
5.31 (s, 2H), 6.90 (m, 2H) . 6.99 (m, 2H) , 7.10 (ra, 4H) , 
7.24 (m, 3H), 7.83-7.88 (dd, 2H) ppm. 



20 O.'^.. PhemilnnriTiftscen t nf^hftction nf HRP with Compounds 52 and 
53. Reagent compositions comprising 0.025 M tris buffer, pH 
8.0, 2.5 mM virea peroxide, 4 mM p-hydroxycinnamic acid, 0.5 
mM EDTA, 0.1% Tween 20 and 3 x 10"^ M coitpound 52 or 51 were 
tested for production of chemi luminescence by reacting 

25 triplicate 100 ixh aliquots with 10 iih of HRP in the range 
1.4 X 10'" to 1.4 X 10'^^ moles. Light production ensued 
upon mixing and reached maximum intensity rapidly. The 
relation between peak chemiluminescence intensity and 
amount of enzyme is depicted in Figure 8. 
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The foregoing description and examples are illustrative 
only and not to be considered as restrictive. It is recog- 
nized that modifications of the specific compounds and 
methods not specifically disclosed can be made' without 
departing from the spirit and scope of the present inven- 
tion. The scope of the invention is limited only. by the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A compoxind of the formula: 



R^S 




.SB? 






r4 






IX" 




X 




r8 







wherein R^* and are independently selected from alkyl, 
substituted alkyl, aryl, substituted aryl, arallcyl and 

10 substituted aralkyl groups of 1-20 carbon atoms and can be 
joined together to form a ring, each of R^ to R^^ is 
independently a substituent which can contain from 1 to 50 
atoms selected from C, H, N, 0, S, P, Si and halogen atoms, 
and B? is selected from alkyl, substituted alkyl, aryl, 

15 substituted aryl, aralkyl and substituted aralkyl groups • 

2. The compound of Claim 1 wherein at least one of R* to 
R*^^ is selected from alkyl, alkoxy, halogen, amino, or 
amino substituted with one or two alkyl or aryl groups and 
the remaining of R* to R^^ are hydrogen. 

3. The compound of Claim 1 wherein each of R^ to R^^ is a 
hydrogen atom. 
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4. The compound of Claim 1 wherein is selected from 
methyl, phenyl, substituted phenyl, benzyl, substituted 
benzyl, 2-naphthyl, and p-anisyl groups. 

5 . The compound of Claim 1 wherein at least one of and 
B? is selected from alkyl substituted with a group selected 
from sulfonate salt groups, sulfate salt groups, 
phosphonate salt groups, phosphate salt groups, carboxylate 

5 salt groups and ammoni\m salt groups and phosphonium salt 
groups . 

6. The compound of Claim 5 wherein at least one of R^ and 
r2 is an alkyl group siibstituted with a sulfonate salt 
group . 

7. The coirpound of Claim 5 wherein at least one of R-^ and 
r2 is an alkyl group substituted with a phosphate salt 
group. 

8. The compound of Claim 6 wherein R^ is selected from 
phenyl, substituted phenyl, benzyl, and substituted benzyl 
groups . 

9. The compound of Claim 7 wherein R^ is selected from 
phenyl, substituted phenyl, benzyl, and substituted benzyl 
groups . 
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10, The compound of Claim 1 selected from the group 



MeS .SMe MeS " ^SMe PhCH^S^ ^SCH,Ph Ph,CHS^ SCHPh^ 
II . S ' " 






MeS .SCjH,^ MeS^ ^SPh MeS^ ^SCHjCOjEt 

C C 




MeS^ ^SCH(CH3)j MeS^ ^SCH2CH(OH)CH2CH3 MeS^ ^SCO^jSOsLi 








MeS^ ,S(CHj)3S03Na MeS^ /(CHj),! 






MeS^ ^SMe 
C 




OMe 
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CH3(CHj),oS^ ^S(CHj)30P03Naj MeS^ ^S(CHj)30P03Naj 




12. The compound of Claim 10 which has the formula: 

MeS^ ^SCCiyjSOjNa 
C 
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13. The c6mpoiind of Claim 10 which has the formula: 



5 




14. The contpound of Claim 10 which has the formula: 

MeS^ ^S(CH2)3S03Na 



5 




'15 . The compound of Claim 10 which has the formula: 

MeS^ ^S(CH2)3S03Na 
C 




16, The compound of Claim 10 which has the formula: 

MeS^ ^S(CH2)3S03Na 



5 
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17. The compound of Claim 10 which has the formula: 

MeS^ ^S(CH2)30P03Na2 



C 




18. The compound of Claim 10 which has the formula: 

MeS^ ^S(CH2)30P03Na2 
C 



5 




19. The compound of Claim 10 which has the formula: 

PhCHjS^ ^S(CH2)3S03Na 



5 




20. The compound of Claim 10 which has the formula: 

PhCHjS;^ ^S(CH2)30P03Na2 



5 
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21. A compound of the formula: 




wherein and are are joined together by a substituted 
alkylene or heteroalkylene chain to form a ring comprising 
from five to thirty atoms, each of to R^^ is 
independently a siibstituent which can contain from 1 to 50 
10 atoms selected from C, H, N, 0, S, P, Si and halogen atoms, 
and R^ is selected from alkyl, substituted alkyl, 
heteroalkyl, substituted heteroalkyl, aryl, substituted 
aryl, aralkyl and substituted aralkyl groups. 

22. The compound of Claim 21 wherein the ring containing 
the alkylene chain is siobstituted with at least one group Z 
which confers water solubility. 

23. The compound of Claim 21 wherein the group R^ is 
substituted with at least one group Z which confers water 
solubility. 

24. The compound of Claim 21 wherein the ring connecting 
R^ and R^ comprises from five to seven atoms. 

25. The compound of Claim 22 wherein R^ is selected from 
alkyl, heteroalkyl, phenyl, and benzyl groups. 
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26. The compound of Claim 22 wherein Z is selected from 
sulfonate salt groups, sulfate salt groups, phosphonate 
salt groups, phosphate salt groups, carboxylate salt 
groups, ammonium salt groups and phosphonium salt groups. 

27 . The compound of Claim 23 wherein Z is selected from 
sulfonate salt groups, sulfate salt groups, phosphonate 
salt groups, phosphate salt groups, carboxylate salt 
groups, ammonium salt groups and phosphonium salt groups. 

28. The conpound of Claim 21 wherein at least one of R'* t 
r1i is selected from alkyl, alkojQr, halogen, amino, or 
amino substituted with one or two alkyl or aryl groups an 
the remaining of R* to are hydrogen. 

29. The compound of Claim 21 wherein each of R* to R^^ is 
hydrogen atom. 
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30. The compound of Claim 21 selected from the group 



0(CH2)3S03Na 



0(CH2)3S03Na 




31. The compound of Claim 30 which has the forimila: 
0(CH2)3S03Na 
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32 A coxagoxaid of the formula: 



10 




therein and are are joined together by a ring 
coKprising from five to thirty aton>s fused to a second 
ring, each of R- to R^^ is independently a substituent which 
can contain from 1 to 50 atoms selected from C, H, N, 0, S, 
P, Si and halogen atoms. R^ is selected from alkyl, 
substituted allcyl, heteroalkyl. substituted heteroalkyl, 
aryl, substituted aryl, aralkyl and substituted aralkyl 
groups, and further comprising a group Z which confers 
water solubility. 

J * = 79 wherein the fused second ring 
33. The coit^jound of claim 3-<J wnerein i-iic 

is a benzene ring or a substituted benzene ring. 

34 O^e confound of claim 32 wherein the fused second ring 
is substituted with the at least one group Z which confers 
water solijbility. 
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36. A compound of the formula: 




wherein and R^ are independently selected from alkyl, 
substituted alkyl, aryl, substituted aryl, aralkyl and 
substituted aralkyl groups of 1-20 carbon atoms and can 
each independently be joined to the nearest respective ring 
10 position or R^^ to close an additional ring and can be 
joined together to form a ring of 5 to 30 atoms, each of R* 
to R« and R« to R^^ is independently a substituent ^ch can 
contain from 1 to 50 atoms selected from C, H, N, 0, S, P, 
Si and halogen atoms, and the nitrogen atom is joined to 
15 close an additional 5-7 membered ring. 
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37, A compound of the formula: 





wherein at least one of the sulfur atoms is joined together 
to the nearest respective ring position R* or to form a 
ring of 5 to 7 atoms, and when only one of the sulfur atoms 
is so joined R^ is selected from alkyl, substituted alkyl, 

10 aryl, substituted aryl, aralkyl and substituted aralkyl 
groups of 1-20 carbon atoms, R^ is selected from alkyl. 
substituted alkyl, aryl. substituted aryl. aralkyl and 
substituted aralkyl groups and wherein each of R^ to R^^ is 
independently a substituent which can contain from 1 to 50 

15 atoms selected from C. H, N. 0. S, P, Si and halogen atoms. 
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38. A method for producing cheitaluminescence which 
comprises reacting a peroxidase enzyme with a peroxide and 
at least one compound of formula I to produce the 
chemiliaminescence 




I 



wherein and le? are are joined together by a substituted 
10 alkylene or heteroalkylene chain to form a ring conprising 
from five to thirty atoms, each of K* to is 
independently a substituent which can contain from 1 to 50 
atoms selected from C, H,. N, 0, S, P, Si and halogen atoms, 
and r3 is selected from alkyl, substituted alkyl, 
15 heteroalkyl, substituted heteroalkyl, aryl, substituted 
aryl, aralkyl and substituted aralkyl groups. 

39. The method of Claim 38 wherein the ring containing . 
the alkylene chain is substituted with at least one group Z 
which confers water solubility. 

40. The method of Claim 38 wherein the group R^ is 
substituted with at least one group Z which confers water 
solubility. 
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41. The method of claim 38 further con5>rising providing 
an enhancer contpound which enhances the activity of the 
peroxidase. 

42. The method of claim 38 further comprising providing 
an enhancer compound which enhances the activity of the 
peroxidase, the enhancer being selected from phenolic 
compounds, aromatic amines, substituted and unsubstituted 

5 arylboronic acids, arylboronic esters, arylboronic acid 
anhydrides, phenoxazines and phenothiazines . 
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43. A method for producing cheitiilviminescence which 
coirprises reacting a peroxidase enzyme with a peroxide and 
at least one compound of formula I to produce the 

chemiluminesc enc e 

.SR2 



4 

,R5 




Wherein R^ and R^ are are joined together by a ring 
10 conprising from five to thirty atoms fused to a second 

ring, each of R* to r" is independently a substituent which 
can contain from 1 to 50 atoms selected from C, H, N, 0, S, 
P, Si and halogen atoms, R^ is selected from alkyl, substit- 
uted alkyl, heteroalkyl, substituted heteroalkyl, aryl, 
15 substituted aryl, aralkyl and substituted aralkyl groups, 
and further comprising a group Z which confers water 
solubility. 

■ 44. The method of claim 43 further comprising providing 
an enhancer coinpound which enhances the activity of the 
peroxidase . 
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45. The method of claim 43 fvirther coitprising providing 
an enhancer confound which enhances the activity of the 
peroxidase, the enhancer being selected from phenolic 
compounds, aromatic amines, substituted and unsubstituted 

5 arylboronic acids, arylboronic esters, arylboronic acid 
anhydrides, phenoxazines and phenothiazines . 

46. The method of claim 43 wherein the fused second ring in 
the coitpomd of formula I is a benzene ring or a 
substituted benzene ring. 

47. The method of claim 43 wherein the fused second ring in 
the coni)ound of formula I is substituted with at least one 
group Z which confers water solubility. 
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PCTAJS02/37611 
wherein the compound of formula 




10 



15 



and 








(ciyjOcciyjSOjNa 
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49 A method for producing chemiluminescence which 
comprises reacting a peroxidase enzyme with a peroxide and 
at least one compound of the formula: 




to produce the chemiluminescence v^erein and are 
independe^^tly selected from alkyl, substituted alkyl. aryl, 

,0 substituted aryl, arallcyl and substituted arallcyl groups of 
1-20 carbon atoms and can each independently be joined to 
the nearest respective ring position R* or r" to close an 
additional ring and can be joined together to form a ring 
of 5 to 30 atoms, each of to R« and R« to R^^ is 

15 independently a substituent which can contain from 1 to 50 
atort. selected from C, H, N, 0, S, P, Si and halogen atoms, 
and the nitrogen atom is joined to close an additional 5-7 
mercibered ring. 
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50. A method for producing chemiluminescence which 
comprises reacting a peroxidase enzyme with a peroxide and 
at least one compound of the formula: 



5 




to produce the chemiluminescence wherein at least one of 
the sulfur atoms is joined together to the nearest 
10 respective ring position or R^^ to form a ring of 5 to 7 
atoms, and each of R^ to R^^ is independently a substituent 
which can contain from 1 to 50 atoms selected from C, H, N, 
0, S, P; Si and halogen atoms. 
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51. The compoimd of Claim 1 selected from the group 

HO(CHi)3S^_^S(CHj)30(CHj)3SO3Na MeS^ ^S(CHj)30(CH2)3S03Na 

f 





10 



MeS^ ^S(CH2)3S(CH2)3S03Na 

c 




MeS^ ^S(CH2)30S03Na 

c 




15 



and 



MeS^ ^SCOyjOCayjSOjNa 
c 

11 




20 
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I. The coinpound of Claim 51 which has the formula 



52. 



MeS^ ^S(CHj)jO(CHj)3S03Na 




53. The compoTond of Claim 1 selected from the group 

c 



10 





15 



PhCH,S^ ^S{Ciy3S03Na 

c 




Na,03PO(CHj)3S^^^S(Ciy30P03Na, 




20 and 



25 



H0{CHj)3S^ /(CHj)30PO3Na, 
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54. A compound of the formula: 









sr2 








X 




















X 


V 


^R« 








R' 





v/herein anpl R^ are independently selected from alkyl, 
substituted alkyl, heteroalkyl, substituted heteroalkyl, 
aryl, substituted aryl, aralkyl and substituted aralkyl 

10 groups of 1-20 carbon atoms and can be joined together to 
form a ring-containing group, each of R'* to R^^ is 
independently a substituent which can contain from 1 to 50 
atoms selected from C, H, N, 0, S, P, Si and halogen atoms, 
and r3 is selected from alkyl, substituted alkyl, 

15 heteroalkyl, substituted heteroalkyl. aryl, substituted 
aryl, aralkyl and substituted aralkyl groups. 



87 



PCTAIS02/37611 

WO 03/053934 

55. A method for producing chemiluroinescence which 
comprises reacting a peroxidase enzyme with a peroxide and 
at least one compound of the formula: 




to produce the chemi luminescence wherein and are 
10 independently selected from alkyl, substituted alkyl, 
heteroalkyl, substituted heteroalkyl, aryl, substituted 
aryl, arallcyl and substituted aralkyl groups of 1-20 carbon 
atoms and can be joined together to form a ring- containing 
group, each of to R^^ is independently a substituent 
15 which can contain from 1 to 50 atoms selected from C, H. N, 
0. S. P, Si and halogen atoms, and is selected from 
alkyl, substituted alkyl, heteroalkyl, substituted 
heteroalkyl, aryl, substituted aryl. aralkyl and 
substituted aralkyl groups. 
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FIG.1 
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Fia2 
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FIG- 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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